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EXECUTIVE  SUMMARY 


This  report  presents  the  results  of  a  treatability  study  (TS)  performed  by  Parsons 
Engineering  Science,  Inc.  (Parsons  ES)  at  the  Christmas  Tree  Fire  Trai^g  Area  ^T-03), 
Westover  Air  Reserve  Base,  Massachusetts  to  evaluate  the  use  of  intrinsic  remediation  with 
long-term  monitoring  (LTM)  as  a  remedial  option  for  dissolved  fuel-hydrocarbons  m  Ae 
shallow  groundwater.  A  bioventing  system  currently  is  in  operation  at  the  site  for  the 
remediation  of  soil  contamination.  There  is  no  evidence  of  mobile,  light,  non-aqueous 
phase  Uquid  at  the  site.  Therefore,  this  study  focused  on  the  impact  of  dissolved  benzene, 
toluene,  ethylbenzene,  and  xylene  (BTEX)  on  the  shallow  groundwater  system  Bt  the  ^te. 
Dissolved  chlorinated  solvents  also  are  present  in  the  shallow  groundwater;  therefore,  them 
impact  on  groundwater  is  presented  as  well.  Site  history  and  the  results  of  soil  and 
groundwater  investigations  conducted  previously  also  are  summarized  in  this  report. 

Comparison  of  BTEX,  chlorinated  solvent,  electron  acceptor,  and  biodegradation 
byproduct  isopleth  maps  for  both  May  1995  and  July  1996  sampling  events  at  1^-03 
provides  strong  qualitative  geochemical  evidence  of  biodegradation  of  both  BTEX  and 
chlorinated  solvent  compounds.  Geochemical  data  strongly  suggest  that  biodegradation  of 
fuel  hydrocarbons  has  occurred  at  the  site  via  aerobic  respiration  and  the  anaerobic 
processes  of  denitrification,  iron  reduction,  sulfate  reduction,  and  methanogenesp.  In 
addition,  the  ratio  of  TCE  to  the  daughter  product  cis-l,2-DCE  suggests  that  chlonnated 
solvents  in  the  groundwater  are  being  degraded  through  reductive  dechlorination. 
Furthermore,  the  significant  decrease  in  both  dissolved  fuel  hydrocarbon  and  chlonna^ 
solvent  concentrations  suggest  that  bioventing  operations  at  FT-03  have  had  only  a  positive 
effect  on  groundwater  remediation.  Since  May  1995,  bioventing  operations,  in  conjunction 
with  natural  attenuation  processes,  have  helped  to  decrease  the  size  of  the  dissolved  BTEX 
plume  from  5.7  acres  to  2/3  of  an  acre  and  to  reduce  the  concentration  of  BTEX 
compounds  in  the  groundwater  throughout  the  site  an  average  of  97  percent. 

An  important  component  of  this  study  was  an  assessment  of  the  potential  for 
contamination  in  groundwater  to  migrate  from  the  source  areas  to  potential  receptors.  In 
particular,  this  component  focused  on  the  contaminant  fate  and  transport  of  the  dissolved 
BTEX  plume.  To  help  simulate  the  effects  of  biodegradation  £md  dispersion  on  thq  BTEX 
plume,  three  conservative  analytical  models  were  used  to  estimate  the  fate  of  dissolved 
BTEX*  movement  through  the  shallow  groundwater.  Input  parameters  for  the  models  were 
obtained  from  previous  site  characterization  data,  supplemented  with  data  collected  by 
Parsons  ES.  Model  parameters  that  were  not  measured  at  the  site  were  estimated  using 
reasonable  literature  values. 

The  results  of  this  study  suggest  that  natural  attenuation  of  BTEX  and  chlorinated 
solvent  compounds  is  occurring  at  FT-03.  In  May  1995,  with  the  exception  of  monitoring 
well  TF-2A,  dissolved  groundwater  BTEX  concentrations  were  below  the  state  and  federal 
regulatory  guidelines.  TCE  was  detected  at  a  concentration  above  the  federal  groundwater 
standard  at  monitoring  well  TF-14.  However,  the  remaining  chlorinated  solvents  a^he 
site  were  below  regulatory  guidelines,  or  not  detected.  In  July  1996,  all  detected  BTEX 
and  chlorinated  solvent  concentrations  were  below  both  the  state  and  federal  regulatory 
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guidelines.  The  estimated  rates  of  biodegradation,  when  coupled  with  sorption,  dispersion, 
and  dilution,  should  be  sufficient  to  maintain  dissolved  BTEX  and  chlorinated  solvent 
concentrations  at  levels  below  current  regulatory  guidelines.  Given  the  observed  retreat  of 
the  dissolved  BTEX  and  chlorinated  solvent  plumes,  intrinsic  remediation  and  LTM  is  a 
viable  remedial  option  for  BTEX-impacted  groundwater  at  the  site.  The  Air  Force 
therefore  recommends  implementation  of  intrinsic  remediation  with  LTM  for  BTEX  and 
chlorinated  solvent-impacted  groundwater  at  the  site.  Analytical  modeling  results  suggest 
significant  decreases  in  the  source  concentration  Md  plume  extent  due  to  natural 
Ettcnu2.tion  processes.  Furthennore,  the  current  operation  of  a  bioventing  soil  remediation 
system  has  increased  source  decay  rates  in  the  vadose  zone  soils  and  reduc^  the 
groundwater  contaminant  source.  Institutional  controls  such  as  restrictions  on  shm  ow 
groundwater  use  would  prevent  completion  of  pathways  while  site  remediation  is  in 

progress. 

To  continue  to  verify  the  results  of  the  analytical  modeling  effort,  and  to  ensure  that 
natural  attenuation  is  occurring  at  rates  sufficient  to  protect  potential  downgradient 
receptors,  a  LTM  plan  was  developed  on  the  basis  of  the  1995  groundwater  results  and 
analytical  models.  The  Air  Force  recommends  using  5  LTM  wells  and  3  jwint-of- 
compliance  wells  to  monitor  the  long-term  migration  and  degradation  of  the  dissolv^ 
BTEX  plume.  In  addition  to  analyses  used  to  verify  the  effectiveness  of  intnnsic 
remediation,  the  groundwater  samples  should  be  analyzed  for  BTEX  compounds  by  US 
Environmental  Protection  Agency  (USEPA)  Method  SW8020  and  chlorinated  solvents  by 
USEPA  Method  SW8010.  On  the  basis  of  1996  groundwater  sampling  results,  it  may  be 
possible  to  reduce  the  number  of  wells  included  in  the  LTM  plan  as  well  as  the  duration  of 
annual  monitoring.  If  dissolved  BTEX  or  chlorinated  solvent  concentrations  in 
groundwater  collected  from  the  POC  wells  exceed  regulatory  criteria,  additional  evaluation 
or  corrective  action  may  be  necessary  at  this  site. 
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SECTION  1 

INTRODUCTION 


This  report  was  prepared  by  Parsons  Engineering  Science,  Inc.  (Parens  ES), 
formerly  Engineering  Science,  Inc.  (ES),  and  presents  the  results  of  a  t^t^ility  study 
(TS)  conducted  to  evaluate  the  use  of  intrinsic  remediation  for  remediation  of  rael- 
hvdrocarbon-  and  chlorinated-solvent-contaminated  groundwater  at  the  Clmstm^  Tree 
Fire  Training  Area  (FT-03)  at  Westover  Air  Reserve  Base  (ARB),  Clucopee, 
Massachusetts  (the  Base).  As  used  throughout  this  report,  the  term 
remediation”  refers  to  a  management  strategy  that  relies  on  natui^  attenuation 
mechanisms  to  control  exposure  to  risks  associated  with  contaminants  m  the  subsurface 
“Natural  attenuation”  refers  to  the  actual  processes  (e.g.,  biodegradation,  sorption,  and 
dispersion)  that  facilitate  intrinsic  remediation. 


Intrinsic  remediation  is  an  innovative  remedial  approach  that  relies  on  natural 
attenuation  to  remediate  contaminants  dissolved  in  groundwater.  M^^isms  for 
natural  attenuation  of  benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX)  mclude 
biodegradation,  advection,  dispersion,  dilution  from  recharge,  sorption,  and 
volatilization.  Of  these  processes,  biodegradation  is  the  only  mwhamsm  working  to 
transform  contaminants  into  innocuous  byproducts.  Intrinsic  bioreniediation  occurs 
when  indigenous  microorganisms  work  to  bring  about  a  reduction  in  the  toM  mass  of 
contamination  in  the  subsurface  without  the  addition  of  nuMents.  Patterns  and  rates  of 
intrinsic  remediation  can  vary  markedly  from  site  to  site  depending  on  governing 
physical  and  chemical  processes. 

The  main  emphasis  of  the  work  described  herein  was  to  evaluate  if  nator^ 
attenuation  mechanisms  would  be  sufficient  to  reduce  concentrations  of  dissolved  fuel- 
related  compounds  in  groundwater  to  levels  that  meet  federal  and  stote  groundwater 
protection  standards.  The  potential  for  these  mechanisms  to  effectively  reduce  toe 
concentrations  of  chlorinated  solvents  at  toe  site,  which  is  ancillary  to  toe  scope  of  this 
program,  also  was  qualitatively  considered.  This  study  is  not  mtended  to  be  a 
contaminant  assessment  report,  a  remedial  action  options  evaluation,  or  a  remedial 
action  plan;  rather,  it  is  provided  for  the  use  of  toe  ^se  and  its  pnme  environmental 
contractor(s)  as  information  to  be  used  for  future  decision  making  regarding  this  site. 


1.1  SCOPE  AND  OBJECTIVES 

Parsons  ES  in  conjunction  with  researchers  from  toe  United  States  Environmental 
Protection  Agency  (USEPA)  National  Risk  Maiiagement  Research  ^^xj^tory 
(NRMRL)  Subsurface  Protection  and  Remediation  Division,  was  retained  by  toe  um^ 
States  Air  Force  Center  for  Environmental  Excellence  (AFCEE)  Technology  T^sfer 
Division  to  conduct  site  characterization  and  data  analysis  to  evaluate  toe  scientific 
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defensibility  of  intrinsic  remediation  with  long-term  monitoring  (LTN^  as  a  remedial 
option  for  contaminated  groundwater  at  FT-03. 

There  were  two  primary  objectives  of  this  project: 

•  Determine  whether  natural  attenuation  processes  for  fuel  hydrocarbons  and 
chlorinated  solvaits  are  occurring  in  groundwater  at  the  site,  and  if  so, 

•  Investigate  if  these  processes  are  sufficient  to  minimize  the  expansion  of  the 
contaminant  plume  using  analytical  models  to  ensure  that  federal  and  state 
groundwater  protection  standards  will  be  met  at  a  downgradient  point  of 
compliance  (POC). 

These  objectives  were  accomplished  by: 

•  Reviewing  previously  reported  hydrogeologic  and  soil  and  groundwater  quality 
data  for  the  site; 

•  Conducting  supplemental  site  characterization  activities  to  determine  the  nature 
and  extent  of  groundwater  contamination; 

•  Collecting  geochemical  data  in  support  of  intrinsic  remediation; 

•  Developing  a  conceptual  hydrogeologic  model  of  the  shallow  saturated  zone, 
including  the  current  distribution  of  contaminants; 

•  Evaluating  site-specific  data  to  determine  whether  natural  processes  of 
contaminant  attenuation  and  destruction  are  occurring  in  groundwater  at  the  site; 

•  Using  analytical  models  to  simulate  the  fate  and  transport  of  fuel  hydrocarbons  in 
groundwater; 

•  Determining  if  natural  processes  are  sufficient  to  minimize  BTEX  plume 
expansion  so  that  groundwater  quality  standards  can  be  met  at  a  downgradient 
POC;  and 

•  Providing  a  LTM  plan  that  includes  LTM  and  POC  well  locations  and  a  sampling 
and  analysis  plan. 

Site  characterization  activities,  performed  in  May  1995,  in  support  of  intrinsic 
remediation  included  sampling  and  analysis  of  groundwater  from  monitoring  wells, 
static  groundwater  level  measurement,  and  aquifer  slug  testing.  Five  new  momtoring 
wells  were  installed  under  a  separate  contract  before  Ae  start  of  the  intrinsic 
remediation  demonstration.  Additional  groundwater  sampling  was  conducted  in  July 
1996,  to  supplement  data  collected  in  May  1995  and  to  confirm  dissolved  BTEX 
contamination  in  deep  wells  at  the  site. 

Much  of  the  hydrogeological  and  groundwater  chemical  data  necess^  to  evaluate 
the  intrinsic  remediation  option  were  available  from  previous  investigations  conducted 
at  this  site,  at  other  sites  with  similar  characteristics,  or  in  technical  literature.  The 
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field  work  conducted  under  this  program  was  oriented  toward  collecting  supplementary 
hydrogeological  and  chemical  data  necessary  to  document  and  model  the  effectiveness 
of  intrinsic  remediation  with  LTM  for  fuel-hydrocarbon-contaminated  groundwater. 

Site-specific  data  were  used  to  develop  analytical  models  of  groundwater  flow  and 
solute  transport.  The  analytical  models  were  used  to  simulate  the  movement  of 
dissolved  BTEX  in  the  shallow  saturated  zone.  Model  results  were  used  to  help  assess 
the  potential  for  completion  of  receptor  exposure  pathways  involving  groundwater  and 
to  identify  whether  intrinsic  remediation  with  LTM  is  an  appropriate  and  defensible 
remedial  option  for  contaminated  groundwater  at  site  FT-03.  Site-specific  date  also 
wCTe  used  to  evaluate  the  potential  fate  and  transport  of  trichloroethene  (TCE),  cis-1,2- 
dichloroethaie  (cis-l,2-DCE),  and  vinyl  chloride  in  the  presence  of  fiiel  hydrocarbons. 
Potential  biological  degradation  of  these  chlorinated  solvents  via  reductive 
dechlorination  was  addressed  qualitatively. 

This  report  contains  eight  sections,  including  this  introduction,  and  three  appendices. 
Section  2  summarizes  the  site  characterization  activities.  Section  3  summarizes  the 
physical  characteristics  of  the  study  area.  Section  4  describes  the  nature  and  extent  of 
soil  and  groundwater  contamination  and  the  geochemistry  of  soil  and  groundwater  at 
the  site.  Section  5  describes  the  analytical  models  used  and  the  design  of  the 
conceptual  model  for  the  site,  lists  model  assumptions  and  input  parameters,  and 
describes  sensitivity  analysis,  model  output,  and  the  results  of  the  modeling.  Section  6 
presents  the  LTM  plan  for  the  site.  Section  7  presents  the  conclusions  of  this  work  and 
provides  recommendations  for  further  work  at  the  site.  Section  8  lists  the  references 
used  to  develop  this  document.  Appendix  A  contains  monitoring  well  installation  logs, 
groundwater  sample  forms,  and  slug  test  results.  Appendix  B  presents  soil  and 
groundwater  analytical  results.  Appendix  C  contains  calculations  and  model  output 
parameters  in  hardcopy  format. 

1.2  FACILITY  BACKGROUND 

The  Base,  located  in  south-central  Massachusetts,  covers  nearly  2,400  acres  in  the 
northeastern  portion  of  the  city  of  Chicoj^,  within  the  Connecticut  River  Valley 
(Figure  1.1).  The  Base  is  in  close  proximity  to  Interstate  90  (the  Massachusetts 
Turnpike)  and  Interstate  91  (a  major  north-south  route),  and  is  90  miles  west  of  Boston. 
Westover  ARB  is  in  Hampden  County,  and  the  land  uses  around  the  Base  are  a  mix  of 
rural,  residential,  recreational,  and  industrial/commercial  development. 

The  Base  became  operational  in  April  1940,  and  served  as  a  training  center  for  the 
359th  Fighter  Group  until  1945.  After  World  War  H,  the  Base  served  the  Air 
Transit  Command,  which  in  1948  became  the  Militety  Air  Transport  Services. 
From  1956  to  1974,  the  Base  was  used  by  Strategic  Air  Command  (SAC)  crews 
operating  B-52s.  Westover’s  99th  Bomb  Wing  was  the  primary  SAC  unit  flying 
missions  in  the  Vietnam  War.  The  Air  Force  Reserve  came  to  Westover  in  1965,  and 
in  1974  the  Base  was  deactivated  to  become  an  Air  Force  Reserve  Base.  Westover’s 
world-wide  mission  increased  with  the  arrival  of  16  C-5As  in  1987.  Currently  the  Base 
is  the  nation’s  largest  Air  Force  Reserve  Base  and  is  operated  by  a  work  force  of  1,200 
civilians,  including  533  Air  Reserve  technicians.  More  than  4,000  reservists  from  all 
military  branches  throughout  the  northeastern  United  States  serve  at  Westover  ARB. 
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Site  FT-03  is  Icxated  in  the  southwestern  portion  of  the  Base,  approximately  125 
feet  north  of  the  southern  Base  boundary  (Figure  1.2).  Chicopee  Memorial  State  Park 
lies  south  of  the  Base  boundary,  and  Chicopee  Reservoir,  located  ^thin  the  park,  is 
approximately  0.4  mile  southeast  of  FT-03.  Building  7400,  a  helicopter  hangar  and 
maintenance  facility,  lies  northeast  of  FT-03.  The  southwestern  terminus  of  the 
runway  lies  due  east  of  the  site.  Site  FT-03  was  used  from  1940  to  1964,  for  fire 
training  exeidses  in  which  unknown  volumes  of  waste  fuels  and  solvents  were  released 
at  the  site. 

The  only  active  fuel  handling  at  the  site  is  the  transfer  of  JP-4  through  a  buri^  8- 
inch  fuel  supply  line,  located  in  the  northern  portion  of  the  site  (ES,  1988)  (Figure 
1  3).  Until  recently,  a  portion  of  the  site  was  used  as  a  parking  area  for  trucks  and 
troop  transports  (O’Brien  and  Gere  Engineers,  Inc.,  1993).  Site  FT-03  is  covered  by 
sparsely  vegetated  sandy,  gravelly  soil  with  no  visible  evidence  of  the  former  fire 
training  area  or  fuel  hydrocarbon  contamination. 

A  series  of  investigations  have  undertaken  characterization  of  site  FT-03  using 
numerous  techniques.  In  1986,  ES  (1986  and  1988)  installed  monitoring  wells  TF-1 
through  TF-6,  TF-1  A,  and  TF-2A,  obtained  water  level  measurements,  and  drilled  and 
sampled  three  shallow  test  borings  to  depths  of  15  feet  below  ground  surface  (bgs).  ES 
also  performed  a  series  of  soil  electrical  resistivity  surveys.  UNC  Geotwh  (1991) 
installed  two  additional  wells,  collected  soil  samples  for  laboratory  analysis  from  19 
soil  boreholes,  and  conducted  a  toluene  soil  gas  survey.  In  1993,  13  additional  soil 
boreholes  were  sampled,  and  one  well  was  constructed  by  O’Brien  and  Gere  Engineers, 
Inc.  (1993). 

Results  of  the  past  investigations  have  identified  petroleum  hydrocarbon  ^d 
chlorinated  solvent  contamination  in  site  environmental  samples.  Soil  contamination 
was  identified  in  the  former  bum  area  to  depths  of  up  to  10  feet  bgs.  In  May  1995, 
O’Brien  and  Gere  Engineers,  Inc.  began  operation  of  a  full-scale  bioventing  system. 

Groundwater  contamination  has  been  detected  in  the  vicinity  and  downgradient  of 
the  bum  area  at  Site  FT-03.  Engineered  solutions  to  remediate  groundwater  have  not 
been  implemented  at  this  site. 

Results  of  the  soil  and  groundwater  investigations  at  the  site  have  been  documented 
in  the  Ground  Water  Monitoring  Report  for  Site  FT-03  “Christmas  Tree”  Fire  Training 
Area  (O’Brien  and  Gere,  1995);  Supplemental  Remedial  Investigation/Feasibility  Study 
Report  (O’Brien  and  Gere,  1994);  Installation  Restoration  Program  (IRP)  Work  Plan 
(O’Brien  and  Gere,  1993);  Final  Remedial  Investigation  (RI)  Report  (UNC  Geot^h, 
1991);  IRP  Phase  H-Confirmation/Quantification  Stage  2  Report  (ES,  1988);  Final 
Report,  Phase  H-Problem  Confirmation  Study  (Weston,  1984);  and  IRP  Records 
Search  (CH2M  Hill,  1982).  The  site-specific  data  presented  in  Sections  3,  4,  and  5  are 
based  on  a  review  of  these  documents  and  on  data  collected  by  Parsons  ES  under  this 
program. 
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FIGURE  1.3 


FT-03  LAYOUT 


Christmas  Tree  Fire  Trainir^g  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 
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Denver.  Colorado 

SECTION  2 

SITE  CHARACTERIZATION  ACTIVITIES 


This  section  presents  tfie  methods  used  by  Parsons  ES  personnel  to  collect  site- 
specific  data  at  FT-03,  the  Christmas  Tree  Fire  Training  Area,  Westover  AM, 
Massachusetts.  To  meet  the  requirements  of  the  intrinsic  remediation  demonstration, 
additional  data  were  required  to  evaluate  aquifer  properties,  soil  sorption,  and  the 
extent  of  groundwater  contamination.  Immediately  prior  to  site  characterization,  the 
Base  had  five  additional  monitoring  wells  installed  and  developed  at  the  site.  A  soil 
sample  was  collected  from  the  screened  interval  of  each  monitoring  well  and  analyzed 
for  total  organic  carbon  (TOC).  Site  characterization  activities  for  this  TS  involved  the 
collection  and  analysis  of  groundwater  samples  from  the  5  newly  installed  and  10  of  the 
11  previously  installed  monitoring  wells,  measurement  of  groundwater  levels,  and 
performance  of  aquifer  slug  tests.  Groundwater  samples  collected  at  the  15  wells  were 
analyzed  for  the  parameters  listed  in  Table  2.1.  Previously  collected  ^ta  and  data 
collected  under  this  program  were  integrated  to  develop  the  conceptual  site  model  and 
to  aid  interpretation  of  the  physical  setting  (Section  3)  and  contaminant  distribution 
(Section  4). 

The  following  sections  describe  the  procedures  that  were  followed  when  collecting 
site-specific  data  in  May  1995  and  July  1996.  Additional  details  regarding  investigative 
activities  are  presented  in  the  work  plan  (Parsons  ES,  1995). 

2.1  MONITORING  WELL  INSTALLATION 

Five  monitoring  wells  were  installed  and  developed  by  Environmental  Products  and 
Services,  Inc.  under  a  separate  Base  contract  during  the  week  of  May  15,  1995.  These 
monitoring  wells  were  installed  to  help  characterize  the  shallow  groundwater  flow 
system  and  the  extent  of  groundwater  contamination.  This  characterization  information 
was  used  in  this  TS  to  narrow  the  variable  constraints  of  the  analytical  models  and  to 
support  the  demonstration  of  intrinsic  remediation.  A  copy  of  the  well  installation 
summary  report  is  provided  in  Appendix  A.  Figure  2.1  shows  the  locations  of  all  site 
weUs;  the  new  wells  are  identified  as  TF-12  through  TF-16.  Construction  details  of  all 
site  wells  are  summarized  in  Table  2.2. 

2.2  GROUNDWATER  SAMPLING 

Groundwater  samples  were  collected  at  the  5  newly  installed  wells  and  10  of  the  11 
previously  installed  monitoring  wells  on  May  17  through  19,  1995  (Figure  2.1). 
Monitoring  Well  TF-6  was  not  sampled  because  the  screen  interval  penetrates  the  entire 
aquifer,  and  therefore  would  not  produce  representative  groundwater  samples. 
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TABLE  2.1 

SUMMARY  OF  GROUNDWATER  ANALYSES 

Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Analyte 

Method 

Field  (F)  or 
Fixed-Base 
Laboratory  (L) 

Total  Iron 

Colorimetric,  HACH  Method  8008 

F 

Ferrous  Iron  (Fe^*^ 

Colorimetric,  HACH  Method  8146 

F 

Ferric  Iron  (Fe^"^ 

Difference  between  total  and  ferrous  iron 

F 

Manganese 

Colorimetric,  HACH  Method  8034 

F 

Reduction/Oxidation  Potential 

Direct  reading  meter 

F 

Oxygen 

Direct  reading  meter 

F 

pH 

Direct  reading  meter 

F 

Conductivity 

Direct  reading  meter 

F 

Temperature 

Direct  reading  meter 

F 

Carbon  Dioxide 

Titrimetric,  HACH  Method  1436-01 

F 

Alkalinity  (Carbonate  [C03^‘] 

F  =  Titrimetric,  HACH  Method  8221 

F 

and  Bicarbonate  [HC03'  ]) 

Nitrate  +  Nitrite 

EPA  Method  353.1 

Chloride 

Waters  Capillary  Electrophoresis  Method  N-601 

L 

Sulfate 

Waters  Capillary  Electrophoresis  Method  N-601 

L 

Methane,  Ethane,  Ethene 

RSKSOP-147^ 

L 

Dissolved  Organic  Carbon 

RSKSOP-102 

L 

Volatile  Organic  Compounds  (VOCs) 

RSKSOP-148 

L 

Fuel  Carbon 

RSKSOP-133 

L 

BTEX 

RSKSOP-133 

L 

RSKSOP  -  Robert  S.  Kerr  Standard  Operating  Proceedure  performed  by  the  USEPA  National  Risk 
Management  Research  Laboratory  (formerly  the  Robert  S.  Kerr  Environmental  Research  Laboratory). 
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Monitoring  weUs  TF-1  through  TF- 16,  except  TF-6,  also  were  sampled  in  July  1996. 
Groundwater  sampling  forms,  provid^  in  Appendix  A,  were  used  to  document  the 
specific  details  of  the  sampling  event  for  each  well.  In  addition  to  the  sampling  events 
conducted  under  this  program,  ES  (1988),  UNC  Geotech  (1991),  and  O’Brien  and  Gere 
(1994)  have  conducted  groundwater  sampling  events  at  the  site. 

This  section  describes  the  procedures  used  for  collectog  groundwater  samples.  To 
maintain  a  high  degree  of  quality  control  (QC)  during  this  sampling  evOTt,  the 
procedures  described  in  the  site  work  plan  (Parsons  ES,  1995)  and  summarized  in  the 
following  sections  were  followed. 

2.2.1  Preparation  for  Sampling 

All  equipment  used  for  sampling  was  assembled  and  properly  cleaned  and  calibrated 
(if  required)  before  arriving  in  the  field.  Special  care  was  taken  to  prevent 
contamination  of  the  groundwater  and  extracted  samples  through  cross  contamination 
from  improperly  cleaned  equipment;  therefore,  pumps  and  water  level  indicators  were 
thoroughly  cleaned  before  and  after  field  use  and  between  uses  at  different  sampling 
locations. 

2.2.1. 1  Equipment  Decontamination 

All  portions  of  sampling  and  test  equipment  that  contacted  the  samples  were 
thoroughly  cleaned  before  use.  The  purging  pump,  pump  tubing,  ^d  water  levd 
indicator  were  the  only  reusable  pieces  of  equipment  that  came  in  contact  with 
groundwater  samples  or  were  used  in  the  wells.  The  following  protocol  was  used  to 
clean  the  Grundfos  Redi-Flo  2®  pump,  Envirotech®  ES-60  two-stage  pump,  and  water 
level  indicator  that  contacted  the  groundwater  or  were  lowered  downhole: 

•  Flushed  and  rinsed  with  potable  water; 

•  Rinsed  with  isopropyl  alcohol  (external  surfaces  only); 

•  Rinsed  with  distilled  or  deionized  water  (external  surfaces  only);  and 

•  Air  dried  before  use. 

Any  deviations  from  these  procedures  were  documented  in  the  field  scientist  s  field 
notebook  and  on  the  groundwater  sampling  form. 

2.2.1.2  Equipment  Calibration 

Field  analytical  equipment  was  calibrated  according  to  the  manufacturers 
specifications  before  field  use,  and  as  required.  Because  the  majority  of  physical  and 
chemical  analyses  were  performed  by  USEPA/NRMRL  personnel,  this  requirement 
applied  specifically  to  direct-reading  meters  used  for  onsite  chemical  measurements  of 
pH  and  dissolved  oxygen  (DO). 
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2.2.1.3  Preparation  of  Location 

Before  proceeding  with  sampling,  the  area  around  the  well  was  clear^  of  foreign 
materials,  such  as  brush,  rocks,  and  debris  to  prevent  sampling  equipment  froni 
inadvertently  contacting  the  debris.  Location  preparation  also  included  an  inspection  of 
the  integrity  of  the  well.  At  this  time,  any  irregularities  involving  the  protective  cover, 
cap,  lock,  external  surface  seal,  internal  surface  seal,  well  identification,  well  datum, 
and  pad  were  noted. 

2.2.1.4  Water  Level  and  Total  Depth  Measurements 

Before  removing  any  water  from  the  well,  the  static  water  level  was  measured.  An 
electrical  water  level  probe  was  used  to  measure  the  d^th  to  groundwater  below  the 
well  datum  to  the  nearest  0.01  foot.  After  measurement  of  the  static  water  level,  the 
water  level  probe  was  lowered  to  the  bottom  of  the  well  for  measurement  of  total  well 
depth  (recorded  to  the  nearest  0.01  foot).  From  these  measurements,  the  volume  of 
water  to  be  purged  from  the  wells  was  calculated. 

2.2.2  Well  Purging  and  Sample  Collection 

Well  purging  consisted  of  removing  at  least  three  casing  volumes  of  water  with  a 
Grundfos  Redi-Flo  2®  pump  (1995)  or  Envirotech®  ES-60  two-stage  pump  (1996)  prior 
to  sample  collection.  Once  three  casing  volumes  of  water  were  removed  from  the  well, 
purging  continued  until  the  pH,  temperature,  and  DO  concentrations  had  stabilized. 

Within  24  hours  of  the  purge,  a  dedicated,  disposable  high-density  polyethylene 
(HDPE)  bailer  was  used  to  extract  groundwater  samples  from  the  well.  The  bailer  was 
lowered  on  a  disposable  polypropylene  rope  until  completely  submerged.  Both 
lowering  and  raising  were  performed  slowly  to  avoid  unnecessary  splashing  and 
volatilization  of  contaminants.  The  samples  were  transferred  directly  into  the 
appropriate  sample  containers.  The  water  was  carefully  poured  down  the  inner  walls  of 
the  sample  bottle  to  minimize  aeration  of  the  sample.  Sample  bottles  for  BTEX, 
trimethylbenzenes  (TMBs),  tetramethylbenzenes  (TEMBs),  and  volatile  organic 
compounds  (VOCs)  were  filled  so  that  there  were  no  headspace  or  air  bubbles  withm 
the  container. 

2.2.3  Onsite  Chemical  Parameter  Measurement 

Measurement  of  DO,  pH,  and  temperature  was  performed  at  the  well  at  the  time  of 
sample  collection.  All  other  field  parameters  were  measured  onsite  by 
USEPA/NRMRL  personnel  at  their  mobile  laboratory  immediately  following  sample 
collection. 

2.2.3.1  Dissolved  Oxygen  Measurements 

DO  measurements  were  taken  using  an  Orion®  model  840  DO  meter  in  a  flow¬ 
through  cell  at  the  outlet  of  the  purge  pump.  DO  concentrations  were  recorded  after 
the  readings  stabilized,  and  in  all  cases  represent  the  lowest  DO  concentration 
observed. 


2-6 


022/722450AVESTOVER/FINALTS/2.DOC 


2.2.3.2  pH  and  Temperature  Measurements 

Because  the  pH  and  temperature  of  groundwater  can  change  significantly  within  a 
short  time  following  sample  acquisition,  these  parameters  were  measured  at  the  time  of 
sample  collection,  in  the  same  flow-through  cell  used  for  DO  measurements.  The 
measured  values  were  recorded  on  the  groundwater  sampling  record. 

2.2.4  Sample  Handling 

2.2.4.1  Sample  Preservation 

The  USEPA/NRMRL  personnel  provided  appropriately  preserved  spple  bottles. 
Samples  were  delivered  to  the  onsite  USEPA  mobile  laboratory  within  minutes  of 
sample  collection.  As  the  temperatures  were  cool  and  the  samples  were  delivered  to 
the  mobile  laboratory  within  minutes  of  sample  collection,  ice  was  not  used  to  cool  the 
samples  during  transport  to  the  USEPA  mobile  laboratory.  Samples  for  those  analyses 
not  performed  by  the  mobile  laboratory  were  preserved  and  shipped  by  the  USEPA 
field  personnel  to  the  NRMRL  in  Ada,  Oklahoma  for  analysis. 

2.2.4.2  Sample  Containers  and  Labels 

Sample  containers  and  appropriate  container  lids  were  provided  by  the  analytical 
laboratory.  The  sample  containers  were  filled  as  described  in  Section  2.2.2,  and  the 
container  lids  were  tightly  closed.  The  sample  label  was  firmly  attached  to  the 
container  side,  and  the  following  information  was  legibly  and  indelibly  written  on  the 
label: 

•  Facility  name; 

•  Sample  identification; 

•  Sampling  date; 

•  Sampling  time; 

•  Requested  analyses; 

•  Preservatives  added;  and, 

•  Sample  collector's  initials. 

2.2.4.3  Sample  Shipment 

After  the  samples  were  sealed  and  labeled,  they  were  transported  to  the  onsite 
USEPA  mobile  laboratory.  The  samples  were  packaged  to  prevent  leakage  or 
vaporization  firom  their  container,  and  the  samples  were  cushioned  to  avoid  breakage. 

Sample  shipment  to  the  NRMRL  in  Oklahoma  and  associated  chain-of-custody 
documentation  was  the  responsibility  of  the  USEPA/NRMRL  field  personnel. 
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2.3  AQUIFER  TESTING 

Slug  tests  were  conducted  at  two  monitoring  well  locations  to  estimate  the  hydraulic 
conductivity  of  the  shallow  saturated  zone  at  FT-OS.  Slug  tests  are  single-well 
hydraulic  tests  used  to  determine  the  hydraulic  conductivity  of  an  aquifer  in  the 
immediate  vicinity  of  the  tested  well.  Slug  tests  can  be  used  for  both  confined  and 
unconfined  aquifers  that  have  a  transmissivity  of  less  than  7,000  square  feet  per  day 
(ftVday).  Slug  testing  can  be  performed  using  either  a  rising  head  or  a  falling  head 
test.  Both  rising  head  and  Ming  head  tests  were  used  at  this  site.  The  tests  were 
performed  in  monitoring  wells  TF-8  and  TF-16  (Figure  2.1).  Detailed  slug  testing 
procedures  are  presented  in  the  Technical  Protocol  for  Implementing  the  Intrinsic 
Remediation  with  Long-Term  Monitoring  for  Natural  Attenuation  of  Fuel  Contamination 
Dissolved  in  Groundwater  QNiedemeier  et  al,  1995),  hereafter  referred  to  as  the 
Technical  Protocol  document. 

Data  obtained  during  slug  testing  were  analyzed  using  AQTESOLV*  software  and 
the  methods  of  Bouwer  and  Rice  (1976)  and  Bouwer  (1989)  for  unconfined  conditions. 
The  results  of  slug  testing  are  presented  in  Section  3.3.2.2  and  Appendix  A. 

2.4  SURVEYING 

After  completion  of  field  work,  all  16  monitoring  well  locations  and  elevations  were 
surveyed  by  Huntley  and  Associates  of  Chicopee,  Massachusetts.  The  homontal 
locations  were  measured  relative  to  existing  survey  control  points.  The  elevations  of 
the  ground  surface  adjacent  to  the  well  casing  and  the  measurement  datum  (top  of  the 
PVC  well  casing)  were  measured  relative  to  mean  sea  level  (msl).  Horizontal  locations 
were  surveyed  to  the  nearest  0.1  foot.  Datum  and  ground  surface  elevations  were 
surveyed  to  the  nearest  0.01  foot. 
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SECTIONS 

PHYSICAL  CHARACTERISTICS  OF  THE  STUDY  AREA 


This  section  describes  the  physical  characteristics  of  site  FT-03  as  determined  from 
data  collected  by  Parsons  ES  in  May  1995  and  July  1996,  and  in  conjunction  with  data 
documented  in  previous  rqiorts  on  Westover  ARB.  Investigative  techmques  used  by 
Parsons  ES  to  determine  the  physical  characteristics  of  the  site  are  discussed  in 
Section  2. 

3.1  SURFACE  FEATURES 

3.1.1  Topography  and  Surface  Water  Hydrology 

Westover  ARB  is  located  within  the  Connecticut  River  Valley  Lowland  Subdivision 
of  the  New  England  Upland  Physiographic  Province,  which  is  part  of  the  Northern 
Appalachian  Mountain  System.  The  area  surrounding  the  Base  includes  nearly  level 
flood  plains,  level  to  gently  sloping  terraces  along  the  Connecticut  River,  and  several 
large  intrusive  dikes  that  rise  several  hundred  feet  above  the  valley  floor.  Regional 
elevations  range  from  50  feet  above  msl  at  the  Connecticut  River  to  1,200  feet  msl  to 
the  north  of  the  Base  at  Mount  Tom.  A  topographic  map  of  the  Base  arid  the 
surrounding  area  is  presented  on  Figure  3.1.  The  FT-03  site  lies  at  an  elevation  of 
approximately  230  feet  above  msl  and  is  characterized  by  gentle  slopes,  developed  on 
fluvial  sands.  Chicopee  Memorial  State  Park,  immediately  south  of  site  FT-03,  has 
undeveloped  moderate  to  steep  slopes. 

Major  surface  water  features  in  the  area  include  the  Connecticut  River,  located 
approximately  2  miles  west  of  the  Base,  and  the  Chicopee  River,  located  approximately 
1  mile  south  of  the  Base  boundary.  The  Base  is  drained  by  three  smaller  drainages: 
Stony  Brook  in  the  north,  Willamansett  Brook  to  the  west,  and  Cooley  Brook  along  the 
southeastern  boundary  of  the  Base  (Figure  3.1).  Langewald  Pond  and  Mountain  L^e, 
west  of  the  Base,  receive  water  from  Willamansett  Brook.  Stony  Brook  receives 
runoff,  mainly  through  storm  drains,  from  the  northern  portion  of  the  Base.  Cooley 
Brook  receives  runoff  from  most  of  the  industrial  operations,  flight  line  hangars,  and 
runways  via  storm  sewers,  culverts,  and  ditches.  Oil/water  separators  have  been 
constructed  along  Cooley  Brook  to  filter  storm  runoff  before  discharge  into  Ae  Brook 
(O’Brien  and  Gere,  1993).  Cooley  Brook  supplies  water  to  Chicopee  Reservoir  and  the 
Chicopee  River.  Surface  water  overland  flow  in  the  vicinity  of  FT-03  is  south- 
southwest  into  the  Cooley  Brook  watershed. 
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3.1.2  Manmade  Features 

FT-03  is  located  immediately  south  of  the  Westover  ARB  flight  operations  area. 
Manmade  features  at  the  site  include  an  underground  8-inch  JP-4  supply  line,  a  gravel 
road,  a  flightline  fence  that  bisects  the  site,  and  a  Base  boundary  fence  (Figure  1.3). 
An  operational  bioventing  system,  installed  by  O’Brien  and  Gere  (1995),  al^  is  present 
at  the  site.  At  the  boundaries  of  the  site  lie  Building  7400,  the  Base  perimeter  road, 
and  the  Base  boundary.  A  service  road  for  Chicopee  Memorial  State  Park  is  located 
approximately  100  to  150  feet  south  of  the  Base  boundary.  Other  significant  nearby 
manmade  constructions  include  the  runway,  locat^  approximately  1,000  feet  east  of 
the  site,  and  Chicopee  Reservoir,  located  approximately  2,000  feet  southeast  of  the 
site. 

3.2  REGIONAL  GEOLOGY  AND  HYDROGEOLOGY 

Regionally,  the  central  Massachusetts  bedrock  geology  consists  of  a  variety  of 
Precambrian  and  early  Paleozoic  crystalline  rocks  known  as  the  Grenville  crystallines 
(ES,  1988).  These  rocks  are  most  evident  as  the  Adirondack  Mountmns  to  the  west  of 
the  Base.  The  crystalline  rocks  underwent  periods  of  folding,  faulting,  metamorphism, 
and  intrusion  during  the  Taconic  (Ordovician)  and  Acadian  (Devonian)  orogenies.  ’:^e 
resulting  stresses  from  these  orogenies  produced  extensive  folding  and  faulting  durmg 
the  Mesozoic.  Additional  folding  and  rifting  occurred  in  the  early  Jurassic  penods,  and 
a  series  of  north-south  trending  fault  structures  were  formed.  Unconformably 
overlying  the  crystallines  are  Triassic  “redbeds”  consisting  of  arkosic  sandstone, 
conglomerates,  siltstones,  and  occasional  gray  shales.  The  Triassic  rocks  in  the 
Westover  ARB  area  are  reddish-brown  arkosic  sand  and  siltstones  of  the  PortlMd 
Formation.  Uplift  and  erosion  of  the  Triassic  formations  resulted  in  an  unconformity 
between  the  Portland  Formation  and  overlying  Pleistocene  glacial  sediments. 

The  Pleistocene  glacial  advance  reshaped  the  landscape  and  deposited  poorly  sor^ 
gravel,  sand,  silt,  and  clay  mixtures  as  moraines  and  till  sheets.  During  the  glacial 
retreat,  melt  waters  impounded  by  glacial  deposits  and  existing  topography  formed 
several  large  glacial  lakes.  The  largest  of  the  Pleistocene  lakes  in  the  region  was 
glacial  Lake  Hitchcock,  which  extended  from  Hartford,  Connecticut  to  Lyme,  New 
Hampshire.  The  lake  was  as  much  as  250  feet  deep  in  the  Chicopee  ^ea  (Thorny, 
1987).  The  resulting  sedimentation  deposited  thick,  gray,  varved  lacustrine  clays  with 
silt  and  fine  sand  laminations.  Overlying  the  lacustrine  sediments  are  fine  to  coarse 
sands  with  traces  of  gravel  and  silt  that  were  dej)Osited  as  deltaic  outwash  deposits  as 
glacial  Lake  Hitchcock  drained  and  filled  with  sediment. 

The  regional  hydrogeology  of  the  Westover  ARB  area  consists  of  three  major 
hydrogeologic  units.  An  aquitard  composed  of  lacustrine  deposits  and  till  s^arates  the 
shallow  deltaic  outwash  aquifer  from  the  underlying  Triassic  bedrock  aquifer.  Both 
aquifers  are  used  to  a  limited  extent  for  industrial,  municipal,  and  domestic  purposes. 
The  glacial  outwash  aquifer  ranges  in  thickness  from  25  to  85  feet  in  the  area  of  the 
Base,  and  is  recharged  by  infiltration  from  rain  and  melting  snow  (O’Brien  and  Gere, 
1993).  Depth  to  groundwater  is  generally  5  to  40  feet  bgs  and  is  influenced  by  surface 
topographic  features.  Basewide  hydraulic  conductivities  in  the  shallow  aquifer  average 
13  feet  per  day  (ft/day)  and  range  from  2.2  to  33  ft/day. 
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3.3  SITE  GEOLOGY  AND  HYDROGEOLOGY 

Characterization  of  the  shallow  aquifer  system  at  FT-03  has  the  objective  of 
several  investigations.  A  site  visit  was  conducted  by  CH2M  Hill  in  1981^  to  co  ect 
information  for  a  Phase  I,  IRP  Records  Search.  In  1984,  Weston  Enwonmental 
performed  an  investigation  for  a  Phase  11  Confirmation  Study.  Subs^uent 
investigations  by  ES  (1988),  UNC  Geotech  (1991),  and  O’Brien  and  Gere  (1994) 
involved  the  installation  of  11  monitoring  wells,  soil  and  soil  gas  samplmg,  ^d 
geophysical  surveys.  A  bioventing  soU  remediation  system  is  also  currently  being 
operated  by  O’Brien  and  Gere.  As  part  of  the  current  TS  investigation,  five  additional 
monitoring  wells  were  installed. 


3.3.1  Lithology  and  Stratigraphic  Relationships 

The  shallowest  sediments  at  FT-03  consist  of  light-colored,  fine  to  medium  s^ds 
that  range  in  thickness  from  0  to  20  feet  and  were  classified  during  a  prcAnous 
investigation  as  disturbed  Base  fill  (ES,  1988).  Underlying  the  surfcial  soils  is  a  10-  to 
40-foot-thick,  well-sorted,  interbedded  sand  and  sandy  gravel,  with  some  clean  co^^ 
gravel  seams.  Below  the  sand  and  gravel  are  layers  of  fine  sand  ^d  silty  s^d.  The 
water  table  is  present  in  these  sands  at  40  to  45  feet  bgs.  At  approximately  80  feej^gs, 
lacustrine  varved  silts  and  clays  are  present  (O’Brien  and  Gere,  1994).  ^e^ 

sediments  are  up  to  40  feet  thick  and  consist  of  silts  and  clays  that  form  an  aquitard. 
Underlying  the  aquitard  unit  are  the  thin  glacial  till  and  Triassic  bedrock  units  present 
throughout  the  Chicopee  region. 

To  illustrate  these  stratigraphic  relationships,  a  hydrogeologic  section  has  b^n 
developed  from  subsurface  data  derived  from  logs  of  previously  installed  momtonng 
wells.  Figure  3.2  shows  the  location  of  this  section.  Figure  3.3  presents 
hydrogeologic  section  A-A’,  which  is  approximately  parallel  to  the  direction  of 
groundwater  flow. 

3.3.2  Groundwater  Hydraulics 


3.3.2.1  Flow  Direction  and  Gradient 

Groundwater  is  located  approximately  40  to  45  feet  bgs,  and  the  flow  direction  is  to 
the  south  (Figure  3.4).  Previously,  the  hydraulic  gradient  was  estimated  at  0.07  foot 
per  foot  (ft/ft)  using  few  monitoring  wells.  However,  Parsons  ES  and  O’Bnen  and 
Gere  (1994)  groundwater  elevation  data  suggest  a  less  steep  gradient  of  0.01  ft/ft.  A 
summary  of  historical  groundwater  measurements  is  presented  in  Table  3.1. 

Evidence  suggests  that  significant  vertical  flow  gradients  within  the  shallow  aquifer 
are  not  present  at  this  site.  Two  monitoring  well  clusters  had  shallow  wells  screened 
across  the  water  table  and  deep  wells  screened  at  least  35  feet  below  the  water  t^lo. 
Vertical  gradients  were  computed  at  0.012  ft/ft  downward  at  TF-2  and  -2A,  and  0.0021 
ft/ft  upward  at  TF-1  and  -lA  from  1994  groundwater  elevations.  Nearly  identical 
vertical  gradients  were  estimated  from  1996  groundwater  elevations.  As  the^ 
gradients  are  small  relative  to  the  horizontal  gradient  and  in  opposing  directions,  the 
vertical  gradients  across  the  site  are  considered  to  be  negligible. 
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TABLE  3.1 

SUMMARY  OF  GROUNDWATER  ELEVATION  MEASUREMENTS 
Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Screen 

Depth  to 

Groundwater 

Well 

Measurement 

Interval 

Water 

Elevation 

Identification 

Date 

(ftbgs)*' 

(fthtoc)*^ 

(ft  msl)'' 

TF-l 

1/23/87 

74.0-89.0 

42.26 

196.38 

3/5/87 

42.51 

196.13 

4/21/87 

41.63 

197.01 

10/30/88 

42.30 

196.34 

5/11/95 

41.19 

197.54 

7/16/96 

39.76 

198.97 

TF-1  A 

1/23/87 

35.0-50.0 

41.59 

196.55 

3/5/87 

41.98 

196.16 

4/21/87 

41.03 

197.11 

10/30/88 

41.58 

196.56 

12/94 

40.97 

197.18 

5/11/95 

40.77 

197.46 

7/16/96 

39.35 

198.88 

TF-2 

1/23/87 

68.5-83.5 

44.74 

191.40 

3/5/87 

44.92 

191.22 

4/21/87 

44.02 

192.12 

10/30/88 

44.49 

191.65 

12/94 

43.82 

192.44 

5/11/95 

43.32 

192.99 

7/16/96 

41.84 

194.47 

TF-2  A 

1/23/87 

37.0-52.0 

43.27 

191.97 

3/5/87 

43.56 

191.68 

4/21/87 

42.53 

192.71 

10/30/88 

43.15 

192.09 

12/94 

42.55 

192.82 

5/11/95 

42.05 

193.36 

7/16/96 

40.55 

194.86 

TF-3 

1/23/87 

37.0-52.0 

43.14 

192.73 

3/5/87 

43.35 

192.52 

4/21/87 

42.64 

193.23 

10/30/88 

42.91 

192.96 

12/94 

43.02 

192.80 

5/11/95 

41.86 

194.19 

7/16/96 

41.28 

194.77 

TF-4 

1/23/87 

37.0-52.0 

43.81 

194.41 

3/5/87 

43.98 

194.24 

4/21/87 

43.33 

194.89 

10/30/88 

43.65 

194.57 

5/11/95 

42.65 

195.69 

7/16/96 

41.46 

196.88 
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TABLE  3.1  (Concluded) 

SUMMARY  OF  GROUNDWATER  MEASUREMENTS 
Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Screen 

Depth  to 

Groundwater 

Well 

Measurement 

Interval 

Water 

Elevation 

Identification 

Date 

(ft  bgs)*' 

(ft  btoc)’’' 

(ft  msl)*' 

TF-5 

12/94 

35.0-50.0 

42.57 

191.40 

5/11/95 

41.99 

192.04 

7/16/96 

40.40 

193.63 

TF-6 

5/11/95 

34.5-77.0 

39.95 

197.01 

TF-7 

10/30/88 

38.8-53.8 

43.25 

190.97 

12/94 

44.42 

189.94 

5/11/95 

43.75 

190.64 

5/20/95 

43.86 

190.53 

7/16/96 

42.01 

192.38 

TF-8 

10/30/88 

38.7-53.7 

44.19 

189.27 

12/94 

45.91 

187.67 

5/11/95 

44.77 

188.85 

5/20/95 

44.93 

188.69 

7/16/96 

43.17 

190.45 

TF-11 

12/94 

NA’'' 

43.94 

189.59 

5/11/95 

43.17 

190.49 

5/20/95 

43.29 

190.37 

7/16/96 

41.48 

192.18 

TF-12 

5/18/95 

35.0-45.0 

42.08 

192.99 

7/16/96 

40.66 

194.41 

TF-13 

5/18/95 

35.0-45.0 

41.91 

192.68 

7/16/96 

40.44 

194.15 

TF-14 

5/18/95 

35.0-45.0 

41.97 

192.04 

7/16/96 

40.27 

193.74 

TF-15 

5/18/95 

40.0-50.0 

45.07 

191.89 

7/16/96 

43.38 

193.58 

TF-16 

5/20/95 

40.0-50.0 

44.15 

190.65 

7/16/96 

42.50 

192.30 

Note:  A  complete  round  of  measurements  could  not  be  collected  on  5/20/95  due  to 


restricted  site  access. 
Source:  ES,  1988. 


a/  ft  bgs  =  feet  below  ground  surface, 
b/  ft  btoc  =  feet  below  top  of  well  casing, 
c/  ft  msl  =  feet  above  mean  sea  level, 
d/  NA  =  data  not  available. 
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3.3.2.2  Hydraulic  Conductivity 

Parsons  ES  estimated  the  hydraulic  conductivity  at  wells  TF-8  and  TF-16  usmg 
falling/rising  head  slug  tests  and  the  methods  of  Bouwer  and  Rice  (1976)  as  de^ribM 
by  Wiedemeier  et  al  (1995).  The  results  of  these  slug  tests  are  summan^  in 
Table  3  2.  The  average  hydraulic  conductivity  of  the  sands  at  the  water  table  as 
determined  from  these  tests  is  3.45  ft/day.  On  the  basis  of  measurements  at  wells  TF-1 
and  TF-2  (Table  2.2),  UNC  Geotech  (1991)  estimated  the  hydraulic  conductivities  of 
the  deq)er  portions  of  the  aquifer  to  range  from  3.4  to  12  ft/day. 


TABLE  3.2 

1995  SLUG  TEST  RESULTS 
Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Well 

Hydraulic 

hydraulic 

Conductivity 

Conductivity  (feet 

(feet/minute) 

per  day) 

FT-8 

0.00236 

3.41 

FT-16 

0.00242 

3.50 

Average 

0.0024 

3.45 

3.3.2.3  Effective  Porosity 

Because  of  the  difficulty  involved  in  accurately  determining  effective  porosity, 
accepted  literature  values  for  the  type  of  soU  comprising  the  shallow  satorated  zone 
were  used.  Walton  (1988)  gives  ranges  of  effective  porosity  for  sand  of  0.1  to  0.35. 
Contrasts  in  the  classification  of  the  aquifer  matrix  between  previous  investigations 
have  ranged  from  fine  to  coarse  sand.  Because  the  presence  of  fines  tends  to  decrea^ 
the  effective  porosity,  and  because  lower  effective  porosity  results  in  higher  compu^ 
advective  groundwater  velocities,  an  effective  porosity  of  0.2  was  assumed  for  tms 
project.  This  is  a  conservative  v^ue  because  a  higher  calculated  groundwater  velocity 
results  in  a  faster  rate  of  contaminant  plume  migration. 

3.3.2.4  Advective  Groundwater  Velocity 

The  advective  velocity  of  groundwater  in  the  direction  parallel  to  groundwater  flow 
is  given  by: 

-  KdH 
^~n,dL 
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Where: 


V  =  Average  advective  groundwater  velocity  (seepage  velocity)  [L/T] 

K  =  Hydraulic  conductivity  [L/T]  (3.45  ft/day) 
dH/dL  =  Gradient  [L/L]  (0.01  ft/ft) 
ne  =  Effective  porosity  (0.2). 

Using  this  relationship  in  conjunction  with  site-specific  data,  the  average  a^ective 
groundwater  velocity  at  the  site  in  May  1995,  was  estimated  to  be  0.173  ft/day,  or 
approximately  63.0  feet  per  year. 

3.3.2.5  Preferential  flow  Paths 

A  single  buried  JP-4  supply  line  is  known  to  cross  the  site  upgradient  from  the 
former  fire  training  pit  (i.e.,  source  area).  Past  investigations  have  concluded  that 
localized  contamination  has  originated  from  the  fuel  line.  Furthermore,  Ibe  relativdy 
steep  gradient  (0.01  ft/ft)  and  depth  of  the  groundwater  table  across  the  site  (40  to  45 
feet  bgs)  may  prevent  anthropogenic  features  from  affecting  preferential  groundwater 
flow  paths.  Natural  preferential  flow  pathways  were  not  identified,  although  the  top  of 
silty  sand  unit  is  relatively  high  in  the  vicinity  of  monitoring  well  TF-14,  and  may  linut 
groundwater  flow  through  this  area. 

3.3.3  Groundwater  Use 

Groundwater  in  the  Westover  ARB  region  is  used  for  public  water  supply  and 
industrial  use.  ES  (1988)  reported  that  groundwater  supply  wells  penetrate  into  the 
Triassic  bedrock  aquifer.  One  nonpotable  well,  located  on  the  Base  approximately 
4,000  feet  north  (upgradient)  of  the  site,  is  currently  operational.  All  remaining  wells 
at  or  near  the  Base  have  been  abandoned  in  favor  of  municipal  water  provided  from 
surface  water  supplies  by  the  city  of  Chicopee. 

3.4  CLIMATE 

The  climate  in  south-central  Massachusetts  is  typified  by  cold  winters  and 
moderately  warm  summers.  The  temperatures  range  from  a  mean  high  of  83  degr^ 
Fahrenheit  (°F)  in  July  to  a  mean  low  of  16°F  in  January.  Precipitation  averages  42 
inches  per  year,  with  the  maximum  precipitation  typically  occurring  during  the  inonths 
of  July  through  September.  May  is  usually  the  driest  month,  with  a  mean  precipitation 
total  of  2.8  inches.  The  mean  annual  wind  speed  is  6  knots  from  the  south. 
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SECTION  4 


NATURE  AND  EXTENT  OF  CONTAMINATION  AND  SOIL  AND 
GROUNDWATER  GEOCHEMISTRY 


4.1  SOURCES  OF  CONTAMINATION 

The  discharge  of  waste  fuels  and  solvents  during  fire  training  exercises  from  1940 
through  1964  has  been  identified  as  the  source  of  environmental  contamination  at  1^- 
03.  As  no  liners  or  other  containment  devices  were  used  within  the  bum  pit,  a  portion 
of  the  unbumed  waste  fuels  and  solvents  likely  percolated  into  the  soils  and  the 
groundwater  following  each  training  exercise.  However,  neither  the  frequency  of 
training  exercises  nor  the  volume  of  waste  fuels  and  solvents  used  during  exercis^^  is 
known.  Full-scale  remediation  of  vadose  zone  soils  contamina^  with  residual 
petroleum  commenced  in  May  1995,  with  the  installation  and  operation  of  a  full-s<^e 
bioventing  system.  With  the  exception  of  the  bioventing  system,  there  is  no  visible 
evidence  at  the  site  of  the  former  fire  training  activities  and  the  associated 
contamination. 

4.2  SOIL  CHEMISTRY 

Site  soils  have  been  characterized  in  previous  investigations  by  ES  (1988),  UNC 
Geotech  (1991),  and  O’Brien  &  Gere  (1994).  Borehole  locations  are  presented  on 
Figure  4.1.  As  part  of  the  initial  site  characterization,  ES  (1988)  ^alyzed  soil  samples 
from  three  boreholes  for  VOCs  (including  BTEX  and  chlorinated  solvents)  and 
petroleum  hydrocarbons.  To  continue  the  delineation  of  the  lateral  and  vertical  extent 
of  contamination,  UNC  Geotech  (1991)  analyzed  57  soil  samples  from  24  boreholes  for 
BTEX  oil  and  grease,  and  total  chromatographable  petroleum  hydrocarbons  (in  the 
range  of  C8  through  C32).  Results  of  the  UNC  Geotech  soils  investigation  are 
summarized  in  Table  4.1.  O’Brien  and  Gere  (1994)  expanded  the  UNC  Geotwh 
investigation  with  an  additional  27  soil  samples  collected  from  13  boreholes.  Samples 
were  analyzed  for  VOCs,  semivolatile  organic  compounds  (SVOCs),  and  total 
petroleum  hydrocarbons  (TPH).  Results  of  the  O’Brien  and  Gere  soil  investigation  are 
summarized  in  Table  4.2. 

4.2.1  Soa  BTEX  and  Petroleum  Hydrocarbon  Contamination 

Historically,  elevated  BTEX  concentrations  have  been  detected  in  soil  ^mples 
collected  from  the  main  bum  area.  The  highest  detected  total  BTEX  concentration  was 
41,700  micrograms  per  kilogram  (pg/kg)  in  the  soil  sample  collected  from  borehole 
CTF-5  at  5  feet  bgs.  The  second  highest  BTEX  concentration  (4,510  pg/kg)  was 
detected  in  the  sample  from  15  feet  bgs  in  the  same  borehole.  This  sample  also 
represents  the  deepest  detected  BTEX  concentration  at  the  site.  A  20-foot  sample  with 


022/722450AVESTOVER/FINALTS/4.DOC 


4-1 


LEGEND 


0TF-8 

BLQ 


t  2.8  JB 
ND 

JB 
BLQ 


MONITORING  VUELL  LOCATION  WITH  TOTAL  ANALYZED 
SOIL  BTEX  CONCENTRATION  (figM) 

SOIL  BOREHOLE  LOCATION  WITH  TOTAL  ANALYZED 
BTEX  CONCENTRATION  (^qAq) 

NOT  DETECTED 

SAMPLE  RESULT  IS  APPROXIMATE  AND  MAY 
REFLECT  BLANK  CONTAMINATION 


BELOW  LEVEL  OF  QUANTITATION 

EXTENT  OF  BTEX-CONTAMINATED  SOIL 
^gAg)  (DASHED  WHERE  INFERRED) 

GROUNDWATER  FLOW  DIRECTION 


FENCE 

♦  CONTAMINATION  ASSOCIATED  WITH  JP-4 
SUPPLY  UNE  AND  THEREFORE  ELIMINATED 
FROM  CONTOURED  REGION. 

Sourc**  O’Brton  C«r*,  1994:  UNC  G«ot«ch.  1991. _ 


FIGURE  4.1 
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TABLE  4.1 

SOIL  ANALYTICAL  RESULTS 
Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Sample 

T  ivyitinn 

Sample 

Depth 

(fthasf 

Benezene 

fug/kg)'*^ 

Toluene 

fUR/kg) 

Ethyl¬ 

benzene 

(Mg/kg) 

Total 

Xylenes 

(Hg/kgl_ 

Total 

BTEX 

(ng/kg) 

Oil  and 
Grease 
(mg/kg)*' 

Total  Chromato- 
graphable  Hydrocarbons 

_ (i^g) _ 

CTF-1 

0 

ELg"" 

78 

BLQ 

BLQ 

78 

1000 

120000 

CTF-2 

0 

BLQ 

270 

530 

BLQ 

800 

13000 

3000000 

5 

BLQ 

BLQ 

BLQ 

1100 

1100 

3900 

1500000 

10 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

120 

170000 

15 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

65 

BLQ 

CTF-3 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

7200 

3200000 

CTF4 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

91 

BLQ 

5 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

310 

9200 

CTF-5 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

640 

31000 

5 

BLQ 

BLQ 

5700 

36000 

41700 

4700 

1300000 

10 

BLQ 

BLQ 

440 

3000 

3440 

1300 

57000 

15 

BLQ 

BLQ 

610 

3900 

4510 

640 

49000 

20 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

19 

31000 

CTF-6 

0 

BLQ 

BLQ 

520 

3800 

4320 

3000 

2100000 

7 

BLQ 

130 

BLQ 

1800 

1930 

3700 

3000000 

10 

74 

50 

190 

380 

694 

130 

320000 

CTF-7 

0 

BLQ 

53 

BLQ 

160 

213 

97 

6500 

5 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

10 

BLQ 

10 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

68 

2100 

CTF-S 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

37 

BLQ 

5 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

56 

12000 

10 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

5 

BLQ 

CTF«9 

0 

BLQ 

BLQ 

240 

980 

1220 

1800 

2800000 

5 

61 

530 

410 

3200 

4201 

2300 

1 600000 

• 

10 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

180 

14000 

CTF-10 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

190 

19000 

5 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

16 

4000 

10 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

6 

BLQ 

CTF-1 1 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

18 

BLQ 

5 

BLQ 

BLQ 

900 

3500 

4400 

19 

23000 

10 

BLQ 

BLQ 

90 

290 

380 

7 

BLQ 

CTF-12 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

99 

150000 

7 

BLQ 

360 

160 

270 

790 

29 

8100 

10 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

13 

BLQ 

CTF-1 3 

0 

BLQ 

150 

BLQ 

130 

280 

155 

5200 

5 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

300 

3800 

10 

BLQ 

66 

BLQ 

BLQ 

66 

24 

BLQ 

CTF-23 

20 

ND"' 

ND 

BLQ 

ND 

ND 

100 

ND 
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TABLE  4.1  (Concluded) 
SOIL  ANALYTICAL  RESULTS 

Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Sample 

Location 

Sample 

Dq)th 

(ftbgs)*' 

Benezene 

Toluene 

Cug/kg) 

Ethyl¬ 

benzene 

(jig/kg) 

Total 

Xylenes 

(pgAg) 

Total 

BTEX 

(l^gAg) 

Oil  and 
Grease 
(mg/kg)*' 

Total  Chromato- 
graphable  Hydrocarbons 
(MgAg) - 

CTA-1 

3 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

8600 

CTA-2 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

160 

9800 

3 

BLQ 

BLQ 

BLQ 

380 

380 

BLQ 

BLQ 

CTA-3 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

3130 

740000 

CTA-4 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

180 

7500 

CTA-5 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

2200 

3 

BLQ 

160 

BLQ 

BLQ 

BLQ 

170 

95000 

5 

BLQ 

170 

BLQ 

120 

290 

2110 

650000 

CTA-6 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

60 

BLQ 

CTA-7 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

2400 

5 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

90 

BLQ 

CTA-9 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

no 

BLQ 

CTA-1 0 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

50 

2500 

TF-7 

0 

BLQ 

BLQ 

ND 

ND 

ND 

ND 

25000 

5 

BLQ 

BLQ 

ND 

ND 

ND 

100 

ND 

10 

BLQ 

59 

ND 

ND 

59 

100 

ND 

TF-8 

0 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

100 

4800 

5 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

ND 

7100 

10 

BLQ 

BLQ 

BLQ 

BLQ 

BLQ 

100 

ND 

Source:  UNC  Geotech,  1991. 


a/  ft  bgs  =  feet  below  ground  surface, 
b/  ^g/kg  =  micrograms  per  kilogram. 
d  mg/kg  =  milligrams  per  kilogram, 
d/  BLQ  =  Below  level  of  quantitation. 
d  ND  =  Not  detected. 
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SOIL  ANALYTICAL  DATA 
Christmas  tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 
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a  total  BTEX  concentration  below  the  level  of  quantitation  defines  the  vertical  extent  of 
contamination  at  borehole  CTF-5. 

Total  BTEX  concentrations  above  1,000  |ig/kg  were  also  observed  in  soil  ^ples 
collected  ft-om  boreholes  SB-9  and  CTF-2,  -6,  -9,  and  -11.  The  contan^ation  detected 
in  borehole  SB-9  is  believed  to  be  associated  with  the  buried  JP-4  fuel  line  northwest  ot 
the  former  fire  training  area  (O’Brien  and  Gere,  1994).  The  remaining  four  borehol^ 
in  conjunction  with  borehole  CTF-5  fall  within  the  areal  extent  of  the  bum  area  for  the 
former  fire  training  exercises,  as  represented  by  the  1,000-p.g/kg  contour  on  Figure 
4  1.  The  total  area  of  impacted  soils  is  approximated  by  the  100-iig/kg  contour  on 
Figure  4.1.  Boreholes  CTF-1  and  CTA-3  have  been  included  in  the  contoured  are^ 
despite  low  total  BTEX  concentrations.  In  both  instances,  the  only  analyzed  soil 
sample  was  collected  firom  surface  soils,  where  volatilization  of  BTEX  compounds  is 
likely  to  have  occurred.  Each  sample  from  these  two  boreholes  also  had  an  oil  and 
grease  concentration  of  at  least  1,000  milligrams  per  kilogram  (mg/kg). 

With  the  exception  of  borehole  CTF-5  as  described  above,  the  majority  of  BTEX 
contamination  was  detected  in  the  top  10  feet  of  soil.  Furthermore,  over  84  per(^nt  o 
all  detected  BTEX  mass  in  soil  samples  has  consisted  of  xylenes.  These  two  conditions 
result  from  the  type  and  time  frame  of  the  fuel  release.  Fuel  constituents  ^e 
concentrated  in  shallow  soils  because  fuels  were  released  at  the  site  surface  rwulting 
from  fire  training  exercises.  As  unbumed  fuels  percolated  into 
constituents  sorbed  to  the  organic  carbon  in  the  soil,  with  the  highest  BTEX 
concentrations  sorbing  to  the  shallower  soils.  Among  BTEX  compounds,  ethylbenzene 
and  xylenes  are  the  least  volatile  and  have  the  strongest  sorption  coefficiente 
(Wiedemeier  et  al,  1995);  therefore,  they  are  the  least  mobile  and  most  likely  to  sorb 
to  shallow  soils.  Because  the  fire  training  exercises  were  conducted  30  years  ago,  the 
more  mobile,  volatile,  and  soluble  constituents  (benzene  and  toluene)  have  been 
preferentially  removed  from  the  site  through  the  percolation  of  rainwater  and  me 
migration  of  soil  gas.  High  xylenes  concentrations  are  also  the  result  of  initial 
concentrations  in  the  source  fuel.  Over  50  percent  of  the  BTEX  in  fresh  JP-4  insists 
of  xylenes.  This  percentage  would  be  exp^ted  to  increase  with  the  preferentim 
removal  of  benzene  and  toluene,  which  comprise  1 1  and  30  percent  of  BTEX  in  fresh 
JP-4,  respectively  (Arthur  D.  Little,  1987). 

The  presence  of  BTEX  compounds  in  shallow  soils  at  FT-03  prompted  the  Base  to 
implement  a  bioventing  soil  remediation  system  in  May  1995.  To  date  no  additional 
soil  samples  have  been  collected  to  determine  the  effectiveness  of  the 
However,  the  decrease  of  groundwater  contamination  between  May  1995  Md  July  1996 
suggests  that  bioventing  at  the  site  has  signific^tly  increased  aerobic  biodegradation 
processes  in  soils,  resulting  in  a  reduction  in  the  mass  of  BTEX  entering  t  e 
groundwater. 

Elevated  concentrations  of  oil  and  grease  and  total  chromatographable  hydrocarbons 
correlate  strongly  with  elevated  concentrations  of  total  BTEX.  Concentrations  of  oi 
and  grease  in  excess  of  2,000  mg/kg  were  detected  in  soil  samples  collected  from 
boreholes  CTF-2,  -3,  -5,  -6,  and  -9  and  CTA-3,  and  -5  (Table  4.1).  Five  of  these 
boreholes  are  included  in  the  total  BTEX  contour  of  1,000  pg/kg  on  Figure  4.1.  It  is 
suspected  that  borehole  CTF-3  also  lies  within  the  1,000-pg/kg  BTEX  contour; 
however,  the  location  of  this  borehole  could  not  be  established  accurately  from  past 
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reports.  Similarly,  concentrations  of  total  chromatographables  in  excess  of  1,000 
mg/kg  were  detected  in  soil  samples  from  boreholes  CTF-2,  -3,  -5, -6,  and  -9. 
of  these  boreholes  were  included  in  and  one  is  suspected  to  lie  within  the  total  BTEX 
contour  of  1,000  pg/kg  on  Figure  4.1. 

4.2.2  Soil  Chlorinated  Solvent  Contamination 

Twenty-seven  soil  samples  were  collected  at  FT-03  and  analyzed  for  chlorinated 
solvents  by  O’Brien  and  Gere  (1994).  The  only  detections  of  chlorinated  solvents  were 
below  3  pg/kg  (Table  4.2)  and  were  also  detected  in  an  associated  blank  at  similar 
concentrations.  None  of  the  27  samples,  however,  was  collected  from  the  suspec^ 
area  of  the  former  bum  pit  or  the  area  of  impacted  soil  as  defined  by  the  1,000-  or  IW- 
pg/kg  total  BTEX  concentration  contours  shown  on  Figure  4.1.  It  is  unknown  whether 
chlorinated  solvents  are  present  in  source  area  soils. 

4.2.3  Total  Organic  Carbon 

TOC  concentrations  are  used  to  estimate  the  amount  of  organic  matter  sorbed  on  Mil 
particles  or  trapped  in  the  interstitial  passages  of  a  soil  matrix.  The  TOC  concentration 
in  the  saturated  zone  is  an  important  parameter  us^  to  estimate  the  amount  of 
contaminant  that  could  potentially  be  sorbed  to  the  aquifer  matrix.  Sorption  results  m 
retardation  of  the  contaminant  plume  migration  relative  to  the  average  advective 
groundwater  velocity. 

Five  samples  for  TOC  analysis  were  collected  by  the  Base  drilling  subcontractor  in 
1995.  The  samples  were  taken  at  the  groundwater  interface  and  used  in  the 
computation  of  contaminant  retardation  as  a  result  of  sorption.  All  TOC  concentrations 
were  below  the  method  detection  limit  of  1  mg/kg.  TOC  data  are  presented  m 
Appendix  B. 

4.3  GROUNDWATER  CHEMISTRY 

Three  lines  of  evidence  can  be  used  to  document  the  occurrence  of  natural 
attenuation:  (1)  geochemical  evidence;  (2)  documented  loss  of  contaminant  mass  at  the 
field  scale;  and  (3)  laboratory  microcosm  studies.  The  first  two  lines  of  evidence 
(geochemical  evidence  and  documented  loss  of  contaminants)  are  used  herein  to  support 
the  occurrence  of  natural  attenuation,  as  described  in  the  following  sections.  Because 
these  two  lines  of  evidence  strongly  suggest  that  natural  attenuation  is  occurring  at  this 
site,  laboratory  microcosm  studies  were  not  deemed  necessary. 

4.3.1  Dissolved  Hydrocarbon  and  Chlorinated  Solvent  Contamination 

As  a  part  of  previous  site  investigations,  groundwater  samples  were  collected  on  six 
occasions  between  1986  and  1994.  The  highest  BTEX  and  chlorinated  solvent 
concentrations  have  consistently  been  detected  in  groundwater  samples  from  TF-2A, 
with  the  highest  total  BTEX  concentration  [2,820  micrograms  per  liter  (pg/L)]  and  the 
highest  total  chlorinated  solvent  concentration  (130  pg/L  of  1,2-DCE)  both  detected  in 
1988  (ES,  1988).  Dissolved  concentrations  of  BTEX  and  chlorinated  solvents  have 
been  detected  in  groundwater  samples  from  all  three  wells  located  downgradient  from 
well  TF-2A  (TF-5,  TF-8,  and  TF-11).  Typically,  total  BTEX  concentrations  at  TF-2A 
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have  exceeded  concentrations  in  samples  from  other  site  wells  by  at  least  an  order  of 
magnitude.  Differences  in  chlorinated  solvent  concentrations  are  typically  just  under 
one  order  of  magnitude.  Furthermore,  at  TF-2A,  groundwater  BTEX  concentrations 
have  decreased  by  almost  1,200  pg/L  since  1989,  and  1,2-DCE  groundwater 
concentrations  at  TF-2A  also  have  decreased  by  approximately  100  pg/L. 

Groundwater  samples  collected  in  May  1995  and  July  1996,  by  Parsons  ES 
personnel  at  the  previously  sampled  and  newly  installed  monitoring  wells  connmed 
these  historical  observations.  Tables  4.3  and  4.4  summarize  groundwater  contaimnant 
data  for  the  1995  and  1996  samples.  Analytical  results  from  the  1995  TS  investigation 
and  July  1996  sampling  event  are  discussed  in  the  following  subsections. 

4.3.1.1  Dissolved  BTEX  Contamination 

The  areal  distributions  of  total  dissolved  BTEX  in  groundwater  for  May  1995  and 
July  1996  are  presented  on  Figure  4.2.  Where  nested  monitoring  wells  are  present, 
isopleths  are  drawn  using  the  concentration  detected  at  the  well  screened  across  the 
water  table.  In  May  1995,  the  main  body  of  the  plume  is  centered  beneath  the  southern 
portion  of  the  approximate  area  of  fire  training  activities,  with  decreasing  BT]^ 
concentrations  spreading  downgradient  to  the  south  and  south-southwest.  The  100- 
pg/L  BTEX  isopleth  depicts  a  division  of  the  plume.  This  division  likely  results  from 
the  geologic  high  in  a  zone  of  lower  hydraulic  conductivity  near  well  TF-14.  As 
defined  by  the  estimated  position  of  the  10-pg/L  isopleth,  the  BTEX  ^ 

approximately  630  feet  long  and  580  feet  wide  with  an  approximate  area  of  249,600 
square  feet,  or  approximately  5.7  acres. 

Well  TF-2A  is  located  at  the  center  of  the  observed  BTEX  plumes.  In  May  1995, 
the  groundwater  sample  collected  at  this  location  contained  both  the  maximum  observed 
total  BTEX  concentration  of  1,657  pg/L  and  the  maximum  observed  benzene 
concentration  of  5  pg/L.  In  1989,  BTEX  concentrations  were  2,690  pg/L  and  me 
benzene  concentration  was  6.7  pg/L.  BTEX  concentrations  at  the  three  wells 
immediately  downgradient  of  TF-2A  ranged  from  60  to  124  pg/L  with  benzene 
concentrations  of  1.7  to  3.7  pg/L  (Table  4.3).  Elsewhere,  the  total  BTEX 
concentrations  in  shallow  wells  ranged  from  14  pg/L  to  88  pg/L,  with  benzene 
concentrations  from  below  the  quantitation  limit  to  3.5  pg/L.  BTEX  compounds  were 
not  detected  above  quantitation  limits  in  groundwater  samples  collected  at  TF-IA,  TF- 
4,  and  TF-15.  The  decreasing  BTEX  concentrations  within  the  source  area  at 
monitoring  well  TF-2A  provide  evidence  that  BTEX  mass  is  being  removed  through 
natural  attenuation  processes. 

July  1996  data  suggest  that  the  rate  of  dissolved  BTEX  attenuation  is  increasing. 
The  observed  dissolved  BTEX  plume  in  July  1996  is  approximately  200  feet  long  by 
150  feet  wide,  covering  3Ji  3xea  of  about  30,000  square  feet  (2/3  of  an  acre).  Only 
sampling  locations  TF-2A,  468.9  |ig/L,  and  TF-5,  1.2  p-g/L,^  had  detectaWe 
concentrations  of  dissolved  total  BTEX.  These  observed  concentrations  represent  72 
percent  and  97  percent  decreases  in  total  dissolved  BTEX  concentrations  in  TF-2A  and 
TF-5,  respectively,  since  the  May  1995  TS  investigation.  On  a  percentage  basis,  the 
magnitude  of  these  decreases  are  approximately  twice  those  observed  for  the  entire  6 
years  between  1989  and  1995.  At  all  remaining  locations  where  dissolved  BTEX  was 
detected  in  1995,  the  1996  results  represent  a  100  percent  decrease.  Because  the  only 
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sicnificsint  change  in  the  site  is  the  instsllstion  &nd  operation  of  the  bioventing  system, 
the  conclusion  can  be  drawn  that  the  addition  of  oxygen  to  contaminated  soils  is  not 
only  increasing  aerobic  biodegradation  processes  in  the  soil,  but  also  substantiaUy 
reducing  the  amount  of  contaminant  mass  migrating  from  the  soils  into  the 
groundwater. 

In  May  1995,  vertical  extent  samples  were  collected  from  the  two  wells  screened 
approximately  35  feet  below  the  top  of  the  water  table  (TF-1  and  TF-2).  While  to^ 
BTEX  concentrations  in  excess  of  100  |xg/L  were  detected  in  both  samples,  the 
contamination  was  believed  to  originate  from  an  alternate  source  for  the  following 
reasons: 

•  Well  TF-1  is  located  upgradient  from  the  former  fire  training  area,  and  dissolved 
fuel  constituents  have  not  been  detected  in  the  shallow  well,  TF-IA,  clustered 
with  TF-1.  Given  the  groundwater  gradient  at  the  site  and  the  lack  of  a  shallow 
source  at  this  upgradient  location,  contamination  would  have  to  migrate  over  4 
feet  vertically  upgradient  from  the  identified  source  area  to  TF-1. 

.  The  fuel  signatures  for  the  samples  from  TF-1  and  TF-2  are  n^ly  identical.  In 
other  words,  groundwater  samples  from  TF-1  and  TF-2  contain  similar  isomers 
of  TMB  and  TEMB  and  similar  concentration  ratios  of  ^1  measured  dissolved 
fuel  constituents.  The  signatures  at  other  wells  are  less  similar. 

•  Chlorinated  solvents  were  not  detected  in  groundwater  samples  from  either  deep 
well;  however,  they  were  detected  at  TF-2  A,  the  water  table  well  clustered  with 
TF-2.  If  BTEX,  light  non-aqueous  phase  liquids  (NAPL),  are  migrating 
vertically  downward  through  the  groundwater  at  the  source  area,  then  chlorinated 
solvents,  dense  NAPL,  would  be  expected  also  to  migrate  vertically  downward. 
Typically  chlorinated  solvents  also  have  lower  sorption  coefficients  and  are 
therefore  more  mobile  than  BTEX  compounds. 

These  trends  pointed  to  one  of  two  possibilities;  1)  consistent  external  sample 
contamination  during  sampling,  handling,  or  analysis  or  2)  an  upgradient  source. 
Therefore,  resampling  of  these  two  deep  locations  was  recommended  to  determine  if 
these  anomalous  concentrations  would  persist  through  time.  The  July  1996  sampling 
results  from  monitoring  wells  TF-1  and  TF-2  confirm  that  dissolved  fuel  constituents 
are  not  present  in  deep  groundwater,  (i.e.,  dissolved  BTEX  data  from  May  1995  from 
these  two  wells  is  not  valid)  and  also  dispel  any  theories  that  an  unknown  upgradient 
source  exists  for  deep  groundwater  contamination. 

The  distribution  of  total  fuel  carbons  in  site  groundwater  for  both  May  1995  and 
July  1996  are  presented  on  Figure  4.3.  Where  nested  wells  are  present,  isopleths  are 
drawn  using  the  concentration  detected  at  the  well  screened  across  the  water  table.  The 
distribution  of  fuel  carbons  is  similar  to  the  distribution  of  BTEX  compounds  presented 
on  Figure  4.2.  Dissolved  fuel  carbons  were  detected  at  the  same  locations  where 
dissolved  BTEX  compounds  were  detected.  At  no  location  were  fuel  carbons  detected 
and  BTEX  compounds  not  detected.  In  May  1995,  total  fuel  carbon  concentrations 
ranged  from  less  than  1  to  2,580  pg/L.  For  the  same  reasons  previously  given  for 
BTEX  contamination,  the  fuel  carbon  concentrations  from  the  May  1995  samplmg 


022/722450/WESTOVER/FINALTS/4.DOC 


4-12 


{ 


LEGEND 


NA  NOT  ANALYZED 

BLQ  BELOW  UMIT  OF  QUANTATl 

NOTE:  SHALLOW  GROUNDWATER 
WERE  USED  FOR  CONTOUi 


FENCE 


*TF-8 

20.99 


MONITORING  WELL  LOCATION  VMTH  TOTAL 
FUEL  CARBON  CONCENTRATION  (ugA) 

UNE  OF  EQUAL  CHLORINATED  SOLVENT 
CONCENTRATION  OjqA)  (DASHED 
VIWERE  INFERRED) 

GROUNDWATER  FLOW  DIRECTION 


L:\45028\DRAW1NGS\96DN1170,  01/24/97  at  13:29 


)TAL 

I 

NA 

NOT  ANALYZED 

HI 

BLO 

BELOW  UMIT  OF  QUANTATION 

NOTE: 

SHALLOW  GROUNDWATER  CONCENTRATIONS 
WERE  USED  FOR  CONTOURING 

FEET 


m 


0  100  200 


FIGURE  4.3 

TOTAL  FUEL  CARBON 
ISOPLETH  MAPS  FOR 
GROUNDWATER 


Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


FEET 


Denver.  Colorado 


event  at  TF-1  and  TF-2  are  considered  invalid.  In  July  1996,  the  two  detected 
concentrations  of  fuel  carbons  were  1,040  /tg/L  (TF-2A),  and  16.4  ftg/L  (TF-^. 
Decreases  in  total  fuel  carbon  concentration  from  May  1995  to  July  1996  are  of  the 
same  magnitude  found  in  dissolved  BTEX  concentrations.  This  suggests  that  fiiel 
compounds,  other  than  BTEX,  have  been  degraded  at  similar  rates  to  those  observed 
for  the  BTEX  compounds. 

4.3.1.2  Dissolved  Chlorinated  Solvent  Contamination 

The  areal  extents  of  total  dissolved  chlorinated  solvents  detected  in  groundwater  for 
May  1995  and  July  1996  are  presented  on  Figure  4.4.  During  both  sampling  rounds 
both  cis-l,2-DCE  and  TCE  were  detected.  The  only  other  detection  of  a  CAH  during 
either  sampling  round  was  a  single  concentration  of  tetrachloroethene  (1.5  /tgL)  from 
TF-3  in  1996.  The  concentrations  of  individual  chlorinated  solvents,  ethene,  and 
ethane  are  presented  in  Table  4.4.  Dissolved  chlorinated  solvents  were  not  detected 
above  the  quantitation  limit  in  either  deep  well  (TF-1  and  TF-2)  during  either  sampling 
round. 

In  May  1995,  the  chlorinated  solvent  plume  was  approximately  500  feet  long  and 
350  feet  wide  as  defined  by  the  l-/ig/L  isopleth.  The  plume  source  area  corresponds  to 
the  BTEX  source,  however  the  plume  is  smaller  than  the  BTEX  plume.  The  estimated 
extent  of  the  plume  covered  a  total  area  of  approximately  97,600  square  feet,  or 
approximately  2.2  acres.  The  maximum  observed  total  chlorinat^  ^rolvent 
concentration  was  31.9  (ig/L,  in  the  sample  collected  from  monitoring  point  TF-2  A. 
Chlorinated  solvent  concentrations  at  the  three  wells  immediately  downgradient  of  TF- 
2A  ranged  from  1.8  to  12.8  pg/L.  Elsewhere,  total  chlorinated  solvents  ranged  from 
below  quantitation  levels  to  9.1  pg/L.  The  CAH  cis-l,2-DCE  was  detected  at  the 
highest  concentrations  and  at  the  largest  number  of  locations.  Approximately  85 
percent  of  detected  dissolved  CAH  mass  was  cis-l,2-DCE;  the  remaining  15  percent 
was  TCE 

Concentrations  measured  in  July  1996  indicated  that  the  chlorinated  solvent  plume 
had  decreased  in  both  size  and  concentration  from  the  previous  sampling  round  in  May 
1995.  The  July  1996  chlorinated  plume  was  approximately  550  feet  long  by  75  feet 
wide,  41,300  square  feet,  or  0.9  acres  with  a  maximum  total  chlorinated  solvent 
concentration  of  4.7  pg/L  measured  at  TF-3.  At  several  other  sampling  locations, 
chlorinated  solvent  compounds  were  detected  at  low  (<4  pg/L)  or  non-quantifiable 
(<  1  pg/L)  concentrations. 

4.3.2  Inorganic  Chemistry  and  Geochemical  Indicators  of  BTEX  Biodegradation 

Numerous  laboratory  and  field  studies  have  shown  that  hydrocarbon-degrading 
bacteria  can  participate  in  the  degradation  of  many  of  the  chemical  components  of  jet 
fuel  and  gasoline,  including  the  BTEX  compounds  (e.g.,  Jamison  et  al,  1975;  Atlas, 
1981,  1984,  1988;  Gibson  and  Subramanian,  1984;  Reinhard  et  al,  1984;  Young, 
1984;  Bartha,  1986;  Wilson  et  al,  1986,  1987,  and  1990;  Barker  et  al,  1987; 
Baedecker  et  al,  1988;  Lee,  1988;  Chiang  et  al,  1989;  Grbic-Galic,  1989  and  1990, 
Cozzarelli  et  al,  1990;  Leahy  and  Colewell,  1990;  Altenschmidt  and  Fuchs,  1991; 
Alvarez  and  Vogel,  1991;  Baedecker  and  Cozzarelli,  1991;  Ball  et  al,  1991;  Bauman, 
1991;  Borden,  1991;  Brown  et  al,  1991;  Edwards  et  al,  1991  and  1992;  Evans  et  al, 
1991a  and  1991b;  Haag  et  al,  1991;  Hutchins  and  Wilson,  1991;  Hutchins  et  al, 
1991a  and  1991b;  Beller  et  al,  1992;  Bouwer,  1992;  Edwards  and  Grbic-Galic,  1992; 
Edwards  et  al,  1992;  Thierrin  et  al,  1992;  Malone  et  al,  1993;  Davis  et  al,  1994). 
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Biodegradation  of  fuel  hydrocarbons  can  occur  when  an  indigenous  population  of 
hydrocarbon-degrading  microorganisms  is  present  in  the  aquifer  and  sufficient 
concentrations  of  electron  accq)tors  and  nutrients,  including  fuel  hydrocarbons,  are 
available  to  these  organisms. 

Microorganisms  obtain  energy  for  cell  production  and  maintenance  by  facilitation  of 
thermodynamically  advantageous  reduction/oxidation  (redox)  reactions  involymg  the 
transfer  of  electrons  from  electron  donors  to  available  electron  acceptors.  This  results 
in  the  oxidation  of  the  electron  donor  and  the  reduction  of  the  electron  acceptor. 
Electron  donors  at  FT-03  include  natural  organic  carbon  and  fuel  hydr^bon 
compounds.  Fuel  hydrocarbons  are  completely  degraded  or  detoxified  if 
utilized  as  the  primary  electron  donor  for  microbial  metabolism  (Bouwer,  199  ). 
Hectron  acceptors  are  elements  or  compounds  that  occur  in  relatively  oxidized  states, 
and  include  DO,  nitrate,  ferric  iron,  sulfate,  and  carbon  dioxide. 

The  driving  force  of  BTEX  degradation  is  electron  transfer,  which  is  quantified  by 
the  Gibbs  fi-ee  energy  of  the  reaction  (AG°,)  (Stumm  and  Morgan,  1981;  Bouwer, 
1994;  Godsey,  1994).  The  value  of  AG°,  represents  the  quantity  of  energy 
consumed  or  yielded  to  the  system  during  the  reaction.  Table  4.5  lists  stoichiome^  o 
the  redox  equations  involving  BTEX  and  the  resulting  AG^.  Although 
thermodynamically  favorable,  most  of  the  reactions  involved  in  BTEX  oxidation  cannot 
proceed  abiotically  because  of  the  lack  of  activation  energy.  Microorg^isms  are 
capable  of  providing  the  necessary  activation  energy;  however,  they  will  facilitate  only 
those  redox  reactions  that  have  a  net  yield  of  energy  (i.e.,  AG°,<0).  Microorganisms 
preferentially  utilize  electron  acceptors  while  metaboUzing  fuel  hydrocarbons  (Bouwer, 
1992).  DO  is  utilized  first  as  the  prime  electron  acceptor.  After  the  DO  is  consume, 
anaerobic  microorganisms  typically  use  electron  acceptors  (as  available)  in  me 
following  order  of  preference:  nitrate,  ferric  iron  hydroxide,  sulfate,  and  finally 
carbon  dioxide.  Because  the  biodegradation  of  fuel  hydrocarbons  should  deplete  the 
concentrations  of  these  electron  acceptors,  construction  of  isopleth  maps  depicting  their 
concentrations  can  provide  evidence  of  whether  biodegradation  is  occurring,  and  the 
degree  to  which  it  is  occurring. 

Depending  on  the  types  and  concentrations  of  electron  acceptors  present  (e.g., 
nitrate,  ferric  iron,  sulfate,  carbon  dioxide),  pH  conditions,  and  redox  potential, 
anaerobic  biodegradation  can  occur  by  denitrification,  ferric  iron  reduction,  sulfate 
reduction,  or  methanogenesis.  Other,  less  common  anaerobic  degradation  mechanisms 
such  as  manganese  or  nitrate  reduction  may  dominate  if  the  physical  and  chemicm 
conditions  in  the  subsurface  favor  use  of  these  electron  acceptors.  Anaerobic 
destruction  of  BTEX  compounds  is  associated  with  the  accumulation  of  fatty  acids, 
production  of  methane,  solubilization  of  iron,  and  reduction  of  nitrate  ^d  sulfate 
(Cozzarelli  et  al,  1990;  Wilson  et  al,  1990).  Environmental  conditions  and  microbi^ 
competition  will  ultimately  determine  which  processes  will  dominate.  Vroblesky  and 
Chapelle  (1994)  show  that  the  dominant  terminal  electron  accepting  process  can  vary 
both  temporally  and  spatially  in  an  aquifer  with  fuel  hydrocarbon  contamination. 

Site  groundwater  data  for  electron  acceptors  at  FT-03  indicate  that  intrinsic 
remediation  of  hydrocarbons  in  the  shallow  aquifer  may  be  occurring  by  aerobic 
respiration,  ferric  iron  reduction,  denitrification,  sulfate  reduction,  and 
methanogenesis.  This  is  evidenced  by  significant  changes  in  groundwater  geochemistry 
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TABLE  4.5 

COUPLED  OXIDATION  REACTIONS  FOR  BTEX  COMPOUNDS 
Christinas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Coupled  Benzene  Oxidation  Reactions 

AG% 

(kcal/mole 

Benzene) 

AG% 

(kJ/mole 

Benzene) 

Stoichiometric  Mass 
Ratio  of  Electron 
Acceptor  to 
Compound 

7.502  +  Ctfffd  =>  6COi,g  +3H20 

Benzene  oxidation  /aerobic  respiration 

-765.34 

-3202 

3.07:1 

6NCr3  +6H*  +  CeHe  =>  6C02,g  +6H2O  +3N2,g 

Benzene  oxidation  /  denitrification 

-775.75 

-3245 

4.77:1 

3.75  NOj'  +  CfrHfi  +  7.5  +  0.75  H2O  =>  6  CO2  +  3.75  NH,"" 

Benzene  oxidation  /nitrate  reduction 

-524.1 

-2193 

2.98:1 

6OH+  +  30Fe(OH}}a  +  CeHs  =>  6CO2  +  30Fe^'*'  +  78H2O 
Benzene  oxidation  /  iron  reduction 

-560.10 

-2343 

75^  +  3.15  SO^/  +  C6H6  =»  ^COig  +  3.15H2S‘’ +  3H2O 

Benzene  oxidation  /  sulfate  reduction 

-122.93 

-514.3 

4.61:1 

4.5  H2O  +  C6H6^2.25C02.g  +3.75014 

Benzene  oxidation  /  methanogenesis 

-32.40 

-135.6 

0.77:1  " 

Coupled  Toluene  Oxidation  Reactions 

AG% 

(kcal/mole 

Toluene) 

AG% 

(kJ/mole 

Toluene) 

Stoichiometric  Mass  I 
Ratio  of  Electron  I 
Acceptor  to 
Compound 

PO2  +  CeHsCHi  =>  7C02,g  +  dHiO 

Toluene  oxidation  /aerobic  respiration 

-913.76 

-3823 

3.13:1 

7.2NO-3  +7.2H*  +  CeHsOli  =>7COu  +7.6HzO  +  3.6N2.1 
Toluene  oxidation  /  denitrification 

-926.31 

-3875 

4.85:1 

4.5NO}'  +  9lC  +  0.5HiO  +  C^sOl}  =>  7C02  +  4.5iV!7< 

Toluene  oxidation  /nitrate  reduction 

-624.24 

-2609 

3.03:1 

72H*  +  36Fe(OH),,,  +  CeHsCHj  =>  7C02  +  36Fe^*  +  94H20 
Toluene  oxidation  /  iron  reduction 

-667.21 

-2792 

9H*  +  4.5SOi  +  C6HSCH3  =>  7COz,  +  4.5H2S'’  +  4H2O 

Toluene  oxidation  /  sulfate  reduction 

-142.86 

-597.7 

4.,::  1 

- — RT - 

5H2O  +  C6HsCH3  =>  2.5C02.t  +4.5Cff< 

Toluene  oxidation  /  methanogenesis 

-34.08 

-142.6 
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TABLE  4.5 

COUPLED  OXTOATION  REACTIONS  FOR  BTEX  COMPOUNDS 
Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Coupled  Ethylbenzene  Oxidation  reactions 

AG% 

(kcal/mole 

Ethyl¬ 

benzene) 

AG% 

(kJ/mole 

Ethyl¬ 

benzene) 

Stoichiometric  Mass 
Ratio  of  Electron 
Acceptor  to 
Compoxmd 

10.502  +  C6HsC2Hs  =>  SCOj,  +5^20 

Ethylbenzene  oxidation  /aerobic  respiration 

-1066.13 

-4461 

3.17:1 

8.4NO-3  +  8.4H*  +  C6HsC2Hs  =>  SCO2.S  +  9.2H2O  +  4.2Ni, 
Ethylbenzene  oxidation  /  denitrification 

-1080.76 

4522 

4.92:1 

5.25NOi  +  lO.Sir  +  O.25H2O  +  C^sCJIs  =>  8CO2  +  5.25m4 
Ethylbenzene  oxidation  /  nitrate  reduction 

-746.04 

-3118 

3.07:1 

84H*  +  42Fe{OH),„  +  C6HSC2H5  =>  8CO2  +  42Fe^*  +  110H2O 
Ethylbenzene  oxidation  /  iron  reduction 

-778.48 

-3257 

22:1*' 

10.5H*  +  5.25SOi-  +  C6HSC2HS  =>  8C02.J  +  5.25H2S‘’  +  5H2O 
Ethylbenzene  oxidation  /  sulfate  reduction 

-166.75 

-697.7 

4.75:1 

5.5 H2O  +  C6HSC2H5  =>  2.75C02.,  +5.25CH4 

Ethylbenzene  oxidation  /  methanogenesis 

-39.83 

-166.7 

0.79:1 

Coupled  m-Xylene  Oxidation  Reactions 

AG% 

(kcal/mole 

/n-xylene) 

AG°r 

(kJ/mole 

m-xylene) 

Stoichiometric  Mass 
Ratio  of  Electron 
Acceptor  to 
Compound 

IO.5O2  +  C6H4(CH,)2  =>  «C02,2  +5H20 

m-Xylene  oxidation /aerobic  respiration 

-1063.25 

-4448 

3.17:1 

8.4NO)  +  8.4H*  +  C6H4(CH3)2  =>  SCOi,  +  9.2H2O  +  4.2N2.t 

m-Xylene  oxidation  /  denitrification 

-1077.81 

4509 

4.92:1 

5.25NO3'  +  10.5ir  +  0.25H^  +  €^4(013)2  =»8C02  +  5.25NH4 
m-Xylene  oxidation  /  nitrate  reduction 

-743.52 

-3108 

3.07:1 

84H*  +  42Fe{OH)3_,  +  =>  8^0:  +  42Fe^*  +  llOmO 

m-Xylene  oxidation  /iron  reduction 

-775.61 

-3245 

22:1“ 

10.5H*  +5.25SOi-  +  CtH4(CH3)2  =>  8CO2,,  +5.25H2S‘'  +5H2O 
m-Xylene  oxidation  /  sulfate  reduction 

-163.87 

-685.6 

4.75:1 

5.5H2O  +  C«H<tCHji2  =>  2.75C02.t  +  5.25CH4 
m-Xylene  oxidation  /  methanogenesis 

-36.95 

-154.6 

0.79:1  “ 

^  mass  of  ferrous  iron  produced  during  microbial  respiration, 
mass  of  methane  produced  during  microbial  respiration. 
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in  comparison  to  background  conditions.  Areas  of  the  site  that  show  the  great^ 
variation  in  concentrations  of  geochemical  parameters  generally  correqwnd  well  with 
areas  of  low  redox  potential  and  high  BTEX  concentrations.^  Table  4.6  summaries 
groundwater  geochemical  data  gathered  during  the  May  1995  intrinsic  remediation  site 
investigation  and  the  July  1996  groundwater  sampling  event  at  W^tover  ARB. 
Geochemical  parameters  for  site  FT-03  are  discussed  in  the  following  sections. 

In  the  following  sections,  the  assumption  that  BTEX  can  be  treated  as  a  given  ratio 
of  the  constituent  compounds  has  been  made  for  two  important  reasons.  Firrt, 
biodegradation  rates  of  each  of  the  compounds  are  very  similar  to  each  other.  Second, 
while  degradation  pathways  are  relatively  well  know  for  fuel  hydrocarbons,  the 
preferential  degradation  of  one  BTEX  compound  over  another  is  difficult  to  predict 
from  site  to  site,  spatially  or  temporally.  In  order  to  avoid  making  inaccurate 
conclusions  on  which  BTEX  compounds  are  degraded  when  or  where  in  any  given 
groundwater  system  the  compounds  are  treated  as  a  ratio.  This  ratio  provides  a  basis 
for  more  reliable  conclusions  about  the  spatial  and  temporal  biodegradation  of  BTEX  as 
one  contaminant. 

4.3.2.1  Dissolved  Oxygen 

DO  concentrations  were  measured  at  monitoring  wells  at  the  time  of  groundwater 
sampling  during  the  May  1995  and  July  1996  sampling  events.  Table  4.6  summanz^ 
measured  DO  concentrations.  Figure  4.5  presents  two  isopleth  maps  showing  the 
distribution  of  DO  concentrations  in  groundwater  in  May  1995  and  July  1996.  The^ 
data  are  a  strong  indication  that  aerobic  biodegradation  of  the  BTEX  cornpounds  is 
occurring  at  the  site.  In  May  1995,  high  background  DO  concentrations  were 
measured  at  monitoring  well  TF-IA  [10.43  milligrams  per  liter  (mg/L)];  therefore,  it  is 
likely  that  DO  is  an  important  electron  acceptor  at  FT-03.  Within  the  area 
characterized  by  BTEX  concentrations  in  excess  of  100  pg/L  in  shallow  wells,  DO 
concentrations  ranged  from  3.72  mg/L  to  0.18  mg/L  (TF-13  and  -2A  respectively). 
DO  levels  measured  outside  or  on  the  margin  of  the  plume  ranged  from  4,86  mg/L  to 
11.19  mg/L.  In  July  1996,  DO  concentrations  were  still  reasonably  high;  however, 
groundwater  DO  concentrations  in  site  wells,  in  general,  increased  by  0.9  to  5.8  mg/L. 
The  more  significant  increases  in  DO  concentrations  were  all  observed  on  the  west  side 
of  the  contaminant  plume  centerline,  where  the  dissolved  BTEX  concentrations  were 
completely  attenuated  between  May  1995  and  July  1996.  The  increase  in  DO  is 
attributed  to  recovery  of  the  aquifer,  to  normal  background  conditions,  following 
depletion  of  the  dissolved  BTEX  in  the  aquifer.  The  disappearance  of  dissolved  BTEX 
on  the  west  side  of  the  site  is  attributed  to  the  elimination  of  the  source  through 
bioventing.  Although  the  bioventing  effort  has  focused  on  the  west  side  of  Ae  site, 
influence  from  the  system  is  observed  on  the  east  side  of  the  site,  through  dissolved 
contaminant  concentration  decreases  and  changing  geochemistry. 

The  stoichiometry  of  BTEX  mineralization  to  carbon  dioxide  and  water  caused  by 
aerobic  microbial  biodegradation  is  presented  in  Table  4.5.  The  average  rnass  ratio  of 
oxygen  to  total  BTEX  is  approximately  3.14  to  1.  This  translates  to  the  mineraliration 
of  approximately  0.32  mg  of  BTEX  for  every  1.0  mg  of  DO  consumed,  ^th  an 
assumed  background  DO  concentration  of  10.43  mg/L  in  May  1995,  the  shallow 
groundwater  at  this  site  has  the  capacity  to  assimilate  approximately  3.2  mg/L 
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(3,200  ng/L)  of  total  BTEX  through  aerobic  biodegradation.  In  July  1996,  a 
background  DO  concentration  of  8.44  mg/L,  suggests  the  site  has  the  capacity  to 
assimilate  approximately  2.7  mg/L  (2,700  pg/L)  These  are  conservative  estimates  of 
the  expressed  assimilative  capacity  of  DO  because  microbial  cell  mass  production  is  not 
taken  into  account  by  the  stoichiometry  presented  in  Table  4.5. 

When  cell  mass  production  is  accounted  for,  the  mineralization  of  benzene  to  carbon 
dioxide  and  water  is  given  by: 

CgHg  +  2.5O2  +  HCO3  +  NH4  — >  C5H7O2N  +  2CO2  +  2H2O 

From  this  it  can  be  seen  that  5  fewer  moles  of  DO  are  required  to  mineraHze  1  mole  of 
benzene  when  cell  mass  production  is  taken  into  account.  On  a  mass  basis,  the  ratio  of 
DO  to  benzene  is  given  by: 

Benzene  6(12)  +  6(1)  =  78  gm 

Oxygen  2.5(32)=  80  gm 

Mass  Ratio  of  Oxygen  to  Benzene  =  80/78  =  1.03:1 

On  the  basis  of  these  stoichiometric  relationships,  1.03  mg  of  oxygen  is  required  to 
mineralize  1  mg  of  benzene.  Similar  calculations  can  be  made  for  toluene, 
ethylbenzene,  and  the  xylenes.  On  the  basis  of  these  calculations,  approximately 
0.95  mg  of  BTEX  is  mineralized  to  carbon  dioxide  and  water  for  every  1.0  mg  of  DO 
consumed.  With  a  maximum  background  DO  concentration  of  approximately  10  mg/L, 
the  shallow  groundwater  at  this  site  had  the  capacity  to  assimilate  9.5  mg/L  (9,500 
pg/L)  of  total  BTEX  if  microbial  cell  mass  production  is  taken  into  account.  Assuming 
a  background  DO  concentration  of  approximately  8.4  mg/L,  and  taking  into  account 
mass  cell  production,  the  shallow  groundwater  in  July  1996  has  the  capacity  to 
assimilate  8.0  mg/L  (8,000  pg/L)  of  total  BTEX. 

4.3.2.2  Nitrate/Nitrite 

Concentrations  of  nitrate  and  nitrite  [as  nitrogen  (N)]  were  measured  in  groundwater 
samples  collected  in  May  1995  and  July  1996.  Table  4.6  summarizes  measured 
nitrate/nitrite  (as  N)  concentrations.  Figure  4.6  presents  two  isopleth  maps  illustrating 
the  areas  of  low  nitrate/nitrite  concentrations  for  both  sampling  events.  Nitrate/nitrite 
was  detected  in  site  groundwater  at  concentrations  ranging  from  0.07  mg/L  within  the 
plume,  to  3.88  mg/L  at  the  plume  boundaries  in  May  1995  and  from  less  than  0.05 
mg/L  to  7.31  mg/L  in  1996.  The  data  suggest  that,  in  general,  reduced  nitrate/nitrite 
concentrations  correspond  to  areas  of  groundwater  BTEX  contamination,  and  that 
nitrate  is  an  important  electron  acceptor  at  this  site.  Small  anomalies  to  this  trend  occur 
in  the  July  1996  data  at  two  downgradient  locations.  This  may  be  a  shadowing  effect 
caused  by  use  of  the  electron  acceptor  at  an  upgradient  location.  In  time  and  as 
dissolved  BTEX  concentrations  are  entirely  degraded,  nitrate  concentrations  are  likely 
to  recover  at  these  locations  by  replenishment  from  upgradient  groundwater. 
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In  the  absence  of  microbial  cell  production,  the  stoichiometry  of  BTEX 
mineralization  to  carbon  dioxide,  water,  and  nitrogen  caused  by  denitrification  is 
presented  in  Table  4.5.  The  average  mass  ratio  of  nitrate  to  total  is 

approximately  4.9  to  1.  This  translates  into  the  mineralization  of  approximately  0.20 
mg  of  BTEX  for  every  1.0  mg  of  nitrate  consumed.  Due  to  the  variation  of 
nitrate/nitrite  levels  between  the  BTEX  plume  boundaries  and  the  background  well,  a 
background  nitrate/nitrite  concentration  of  2.0  mg/L  was  assumed  for  both  sampling 
events.  Since  the  nitrate  concentrations  are  reported  as  mg/L  as  N,  the  values  must  be 
multiplied  by  4.42  to  be  converted  to  mg/L  as  NOi,  hence  2.0  mg/L  as  N  is  equival^t 
to  8.84  mg/L  as  NOa’.  Therefore,  the  shallow  groundwater  at  this  site  has  the  capacity 
to  assimilate  1.77  mg/L  (1,770  pg/L)  of  total  BTEX  during  deniMfication.  This  is  a 
conservative  estimate  of  the  expressed  assimilative  capacity  of  nitrate,  for  May  1995 
and  July  1996,  because  microbial  cell  mass  production  has  not  been  taken  into  account 
by  the  stoichiometry  presented  in  Table  4.5. 

4.3.2.3  Ferrous  Iron 

Ferrous  iron  (Fe^"^)  concentrations  were  measured  in  groundwater  samples  collated 
in  May  1995  and  July  1996.  Table  4.6  summarizes  ferrous  iron  concentrations. 
Measured  ferrous  iron  concentrations  ranged  from  <0.1  mg/L  to  600  mg/L  and 
<0.05  mg/L  to  23.5  mg/L  in  May  1995  and  July  1996,  resprotively.  Figure  4.7 
presents  two  isopleth  maps  showing  the  distribution  of  ferrous^  iron  in  groundwaten 
Comparison  of  Figures  4.2,  4.5,  and  4.7  indicates  that  ferrous  iron  is  being  produced 
in  the  area  of  the  BTEX  plume  via  the  reduction  of  ferric  iron  hydroxide  (Fe  *)  dunng 
anaerobic  biodegradation  of  BTEX  compounds.  Background  ferrous  iron 
concentrations  are  <0.1  mg/L,  as  measured  at  wells  with  little  or  no  BTEX 
contamination.  Groundwater  from  monitoring  well  TF-2A,  which  had  the  highest 
BTEX  concentration  in  both  sampling  events,  also  had  the  highest  concentration  of 
ferrous  iron  at  600  mg/L  in  May  1995  and  23.5  mg/L  in  July  1996.  The^ 
relationships  are  a  strong  indication  that  anaerobic  biodegradation  of  BTEX  compounds 
is  occurring  through  iron  reduction.  However,  according  to  July  1996  data,  iron 
reduction  does  not  appear  to  be  an  important  electron  acceptor  in  any  area  other  than 
groundwater  near  TF-2A.  Furthermore,  the  importance  of  iron  as  an  electron  acceptor 
at  TF-2A  has  declined  as  falling  dissolved  BTEX  concentrations  has  resulted  in  a  lower 
demand  for  all  electron  acceptors. 

The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide,  ferrous  iron,  and  water  by 
iron  reduction  through  anaerobic  microbial  biodegradation  is  presented  in  Table  4.5. 
On  average  37.5  moles  of  ferric  iron  hydroxide  are  required  to  metabolize  one  mole  of 
total  BTEX.  Conversely,  an  average  of  37.5  moles  of  ferrous  iron  are  produced  for 
each  mole  of  total  BTEX  consumed.  On  a  mass  basis,  this  translates  to  approximately 
21.8  mg  ferrous  iron  produced  for  each  1  mg  of  total  BTEX  metabolized.  Given  a 
background  ferrous  iron  concentration  of  <0.1  mg/L  and  a  maximum  ferrous  iron 
concentration  of  600  mg/L,  the  shallow  groundwater  in  May  1995  had  the  capacity  to 
assimilate  approximately  27.5  mg/L  (27,500  pg/L)  of  total  BTEX  through  iron 
reduction.  In  July  1996,  using  an  assumed  background  ferrous  iron  concentration  of 
<0.05  mg/L  and  a  maximum  ferrous  iron  concentration  of  23.5,  the  shallow 
groundwater  capacity  to  assimilate  total  BTEX  has  dropped  to  1.08  mg/L  or  1,080 
pg/L.  These  are  conservative  estimates  of  the  expressed  assimilative  capacity  of  iron 
because  microbial  cell  mass  production  was  not  taken  into  account  by  the  stoichiometry 
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shown  on  Table  4.5.  In  addition,  this  calculation  is  based  on  observ^  ferrous  iron 
concentrations  and  not  on  the  amount  of  ferric  hydroxide  available  in  the  aquifer. 
Therefore,  iron  assimilative  capacity  could  be  much  higher.  The  significant  decrease  m 
ferrous  iron  concentrations  is  indicative  of  the  effects  that  bioventing  has  on  the 
groundwater  geochemistry  through  elimination  of  the  source  of  dissolved  BTEX,  i.e., 
contaminated  soils. 

Recent  evidence  suggests  that  the  reduction  of  ferric  iron  to  ferrous  iron  cannot 
proceed  at  all  without  microbial  mediation  (Lovley  and  Phillips,  1988;  Lovley  et  al, 
1991*  Chapelle,  1993).  None  of  the  common  organic  compounds  found  m  low- 
temperature,  neutral,  reducing  groundwater  could  reduce  ferric  ox^ydroxides  to 
ferrous  iron  under  sterile  laboratory  conditions  (Lovley  et  al,  1991).  Tlus  means  mat 
the  reduction  of  ferric  iron  requires  microbial  mediation  by  microorganisms  with  the 
appropriate  enzymatic  capabilities.  Because  the  reduction  of  ferric  iron  <^ot  proceed 
without  microbial  intervention,  the  elevated  concentrations  of  ferrous  iron  that  were 
measured  in  the  contaminated  groundwater  at  the  site  are  very  strong  indicators  ot 
microbial  activity. 

4.3.2.4  Sulfate 

Sulfate  concentrations  were  measured  in  groundwater  samples  collected  in  May  1995 
and  July  1996.  Sulfate  concentrations  at  the  site  ranged  from  6.1  mg/L  to  52.8  mg/L 
in  May  1995  and  from  4.15  mg/L  to  436  mg/L  in  July  1996.  Table  4.6  summanres 
measured  sulfate  concentrations.  Figure  4.8  presents  two  maps  illustrating  the 
distribution  of  sulfate  in  groundwater.  Although  sulfate  reduction  is  likely  occumng  at 
the  core  of  the  BTEX  plume,  the  variability  of  sulfate  concentrations  throughout  the 
site  makes  it  difficult  to  evaluate  the  magnitude  of  the  reduction  in  sulfate 
concentrations. 

The  stoichiometry  of  BTEX  mineralization  to  carbon  dioxide,  sulfur,  Md  water  by 
sulfate  reduction  through  anaerobic  microbial  biodegradation  is  presented  in  Table  O. 
The  average  mass  ratio  of  sulfate  to  total  BTEX  is  approximately  4.7  to  1.  Ttos 
translates  to  the  mineralization  of  approximately  0.21  mg  of  total  BTEX  for  every  1.0 
mg  of  sulfate  consumed.  Because  of  the  variability  in  site  sulfate  concentrations  and  to 
be  conservative,  an  assimilative  capacity  based  on  sulfate  reduction  was  not  calculated. 

4.3.2.5  Methane 

Methane  concentrations  were  measured  in  groundwater  samples  collected  in  May 
1995  and  July  1996.  Table  4.6  summarizes  methane  concentrations.  For  May  1995, 
the  majority  of  methane  concentrations  are  <0.003  mg/L  (the  analytical  quantitation 
limit)  The  highest  methane  concentration  (0.18  mg/L)  was  detected  in  the  center  of 
the  plume  at  monitoring  well  TF-2A.  The  only  other  detected  concentrations  of 
methane,  0.003  mg/L  and  0.004  mg/L  were  measured  at  TF-5  and  TF- 11  respectively, 
both  located  immediately  downgradient  from  well  TF-2A.  In  July  1996,  me^urable 
concentrations  of  methane  were  observed  only  in  TF-2A  (0.006  mg/L);  at  all  other 
sampling  location  methane  concentrations  were  below  the  analytical  quatitation  umit  ot 

0.001  mg/L. 
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The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide  and  methane  by 
methanogenesis  is  presented  in  Table  4.5.  On  average,  approximately  1  mg  of  total 
BTEX  is  mineralized  for  every  0.78  mg  of  methane  produced.  Given  a  maximum 
detected  methane  concentration  of  0.18  mg/L  in  May  1995,  the  shallow  groundwater 
has  the  capacity  to  assimilate  approximately  0.23  mg/L  (230  pg/L)  of  total  BTEX 
through  methanogenesis.  In  July  1996,  a  maximum  detected  methane  concentration  of 
0.006  mg/L  correspond  to  an  assimilative  capacity  of  less  than  10  pg/L  of  total  BTEX 
for  the  shallow  groundwater.  Although  this  estimate  is  conservative  for  several 
reasons,  it  is  clear  that  methanogenesis  is  not  an  important  process  at  this  site. 
Nevertheless,  it  is  important  to  note  that  the  site  supports  microbial  populations  that  are 
capable  of  creating  methane  reducing  conditions  in  the  presence  of  fuel  hydrocarbon 
contamination. 

4.3.2.6  Reduction/Oxidation  Potential 

Redox  potentials  were  measured  at  groundwater  monitoring  wells  in  May  1995  and 
July  1996.  These  measurements  are  summarized  in  Table  4.6.  Redox  potential  is  a 
measure  of  the  relative  tendency  of  a  solution  to  accept  or  transfer  electrons,  '^e 
redox  potential  of  a  groundwater  system  depends  on  which  electron  acceptors  are  being 
reduced  by  microbes  during  BTEX  oxidation.  The  shallow  groundwater  redox 
potential  for  May  1995  ranged  from  -39.8  millivolts  (mV)  at  well  TF-2A  to  197.4  mV 
at  well  TF-3.  In  July  1996  redox  potentials  ranged  from  -159  mV  at  TF-2A  to  300  mV 
at  TF-IA.  Figure  4.9  presents  two  isopleth  maps  comparing  redox  potentials  for  May 
1995  and  July  1996.  As  expected,  areas  at  the  site  with  low  redox  potentials  coincide 
with  areas  of  high  BTEX  contamination,  low  DO,  nitrate,  and  sulfate  concentrations, 
and  elevated  ferrous  iron  levels  (compare  Figure  4.9  with  Figures  4.2,  4.5,  4.6,  4.7, 
and  4.8). 

The  redox  potentials  measured  at  the  site  are  higher  than  the  theoretical  optimum 
redox  potentials  for  various  electron  acceptor  reactions  ^orris  et  al.,  1994).  This 
discrepancy  is  a  common  problem  associated  with  measuring  oxidizing  potenti^  using 
field  instruments.  It  is  likely  that  the  platinum  electrode  probes  are  not  sensitive  to 
some  of  the  redox  couples  (c-g>,  sulfate/ sulfide).  Many  authors  have  noted  that  field 
measured  redox  data  alone  cannot  be  used  to  reliably  predict  the  electron  acceptors  that 
may  be  operating  at  a  site  (Stumm  and  Morgan,  1981;  Godsey,  1994;  Lovley  et  al., 
1994).  Integrating  redox  measurements  with  analytical  data  on  reduced  and  oxidized 
chemical  species  allows  a  more  thorough  and  reasonable  interpretation  of  which 
electron  acceptors  are  being  used  to  biodegrade  site  contaminants. 

4.3.2.7  VolatUe  Fatty  Acids 

In  May  1995,  a  groundwater  sample  was  collected  at  TF-2A  and  analyzed  for 
volatile  fatty  acids.  This  test  is  a  gas  chromatography/mass  spectrometry  (GC/MS) 
method  wherein  the  samples  are  compared  to  a  standard  mixture  containing  a  total  of 
58  phenols,  aliphatic  acids,  and  aromatic  acids.  Compounds  in  the  standard  mixture 
are  generally  associated  with  microbial  processes  that  break  down  pefroleum 
hydrocarbons.  USEPA  researchers  reported  that  the  sample  from  TF-2A  contained  17 
of  the  compounds  in  the  standard  mixture  at  concentrations  above  the  detection  limit  of 
5  pg/L.  However,  because  of  a  procedural  error,  the  quantitation  of  12  phenols  and 
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creosols  was  not  possible,  resulting  in  a  possible  maximum  of  46  rather  than  58 
compounds  that  could  be  detected. 

4.3.2.8  Alkalinity 

Alkalinity  is  a  measure  of  the  ability  of  groundwater  to  buffer  changes  in  pH  caused 
by  the  addition  of  biologically  generated  acids.  Total  alkalinity  (as  calcium  carboMte) 
was  measured  in  groundwater  samples  from  20  to  320  mg/L,  in  May  1995,  and  from 
20  to  134  mg/L  in  July  1996.  These  measurements  are  summari:^  in  Table  4.6  and 
presented  as  two  isopleth  maps  on  Figure  4.10.  Comparison  with  the  BTEX  plume 
(Figure  4.2)  reveals  a  correlation  between  the  elevated  alkalinity  isopleths  and  the 
groundwater  BTEX  plume.  The  increase  in  alkalinity  in  the  areas  of  groundwater 
BTEX  contamination  is  in  response  to  increased  carbon  dioxide  levels  which  are  a 
product  of  BTEX  biodegradation  (Morell  and  Hering,  1993).  Frequently,  an  incre^ 
in  alkalinity  resulting  from  biological  activity  is  difficult  to  observe  because  the 
magnitude  of  the  change  is  low  compared  to  background  levels.  Because  the 
background  alkalinity  is  low  at  FT-03,  the  correlation  is  easUy  observed  for  both  May 
1995  and  July  1996  data.  In  July  1996,  the  elevated  alkalinity  downgradient  from  the 
dissolved  fuel  hydrocarbon  contamination  is  a  shadow  effect,  resulting  from 
groundwater  migration  and  the  rapid  contraction  in  the  size  of  the  dissolved  BTEX 

plume. 

4.3.2.9  Carbon  Dioxide  in  Groundwater 

Groundwater  carbon  dioxide  (CO2)  measurements  were  collected  from  site 
monitoring  wells  in  May  1995  and  July  1996.  Table  4.6  summarizes  the  groundwater 
carbon  dioxide  measurements  and  Figure  4.11  illustrates  the  carbon  dioxide 
concentrations  present  at  FT-03  for  May  1995  and  July  1996.  Carbon  dioxide  is 
produced  in  the  plume  area  as  a  byproduct  of  aerobic  respiration,  denitrification,  iron 
reduction,  sulfate  reduction,  and  methanogenesis  (Table  4.5).  Comparison  Of  the  area 
of  elevated  carbon  dioxide  on  Figure  4.11  with  Figures  4.5,  4.6,  4.7,  and  4.8  supports 
the  inferred  biodegradation  of  BTEX.  July  1996  data  shows  more  elevated  carbon 
dioxide  concentrations  downgradient  from  observed  dissolved  BTEX  contamination. 
Like  alkalinity,  these  elevated  concentrations  are  a  probable  shadow  effect. 

4.3.2.10  pH 

The  pH  of  a  solution  is  the  negative  logarithm  of  the  hydrogen  ion  concentration 
[H^].  pH  was  measured  for  groundwater  samples  collected  from  groundwater 
monitoring  wells  in  May  1995  and  July  1996.  Measurements  performed  by  both 
Parsons  ES  and  the  USEPA  are  summarized  in  Table  4.6.  Parsons  ES  m^sured 
groundwater  field  pH  at  the  site  across  a  range  of  6.00  to  6.63  and  6.10  to  7.94  in  May 
1995  and  July  1996  respectively.  These  ranges  of  pH  are  within  the  optimal  range  for 
BTEX-degrading  microbes. 

4.3.2.11  Temperature 

Temperature  affects  the  types  and  growth  rates  of  bacteria  that  can  be  support^  in 
the  groundwater  environment,  with  high  temperatures  generally  resulting  in  higher 
growth  rates.  Groundwater  temperature  measurements  made  in  May  1995  and  July 
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1996  are  summarized  in  Table  4.6.  Temperatures  in  the  shallow  aquifer  vaned  from 
11.0  degrees  Celsius  (®C)  to  13.6  "C  in  May  1995,  and  from  10.8  to  15.7  in  July 
1996.  These  are  relatively  moderate  temperatures  for  shallow  groundwater,  suggestmg 
that  bacterial  growth  rates  should  not  be  inhibited. 

4.3.3  Degradation  of  Chlorinated  Solvents 

Chlorinated  solvents  can  be  transformed,  directly  or  indirectly,  by  biological 
processes  (e.g.,  Bouwer  et  al.,  1981;  Wilson  and  Wilson,  1985;  Miller  m 
Guengerich,  1982;  Nelson  et  al,  1986;  Bouwer  and  Wright,  1988;  Little  et  al,  1988; 
Mayer  et  al.,  1988;  Arciero  et  al.,  1989;  Cline  and  Delfino,  1989;  Freedman  and 
Gossett,  1989;  Folsom  et  al,  1990;  Barker  and  Kim,  1990;  Alvarez-Cohen  ^d 
Mccarty,  1991a,  1991b;  Destefano  et  al,  1991;  Henry,  1991;  Mccarty  et  1992; 
Hartmans  and  de  Bont,  1992;  Mccarty  and  Semprini,  ^  1994,  Vogel,  199  ). 
Biodegradation  of  chlorinated  aliphatic  hydrocarbons  (CAHs)  is  similar  in  pnnciple  to 
biodegradation  of  BTEX  as  described  in  Section  4.3.2;  however,  CAH  degradyon 
typically  results  from  a  more  complex  series  of  processes.  Whereas  BTEX  is 
biodegraded  in  essentially  one  step  by  acting  as  an  electton  donor/carbon  source,  CAHs 
may  undergo  several  types  of  biodegradation  involving  several  steps.  CAHs  may 
undergo  biodegradation  through  three  different  pathways:  use  as  an  electron  acceptor, 
use  as  an  electron  donor,  or  cometabolism,  which  is  degradation  resulting  from 
exposure  to  a  catalytic  enzyme  fortuitously  produced  during  an  unrelated  process.  At  a 
given  site,  one  or  all  of  these  processes  may  be  operating,  although  at  many  sites  the 
use  of  CAHs  as  electron  acceptors  appears  to  be  the  most  likely.  A  more  complete 
description  of  the  main  types  of  biodegradation  reactions  affecting  CAHs  is  presented 
in  the  following  subsections. 

4.3.3.1  Electron  Acceptor  Reactions  (Reductive  Dehalogenation) 

Under  anaerobic  conditions,  biodegradation  of  chlorinated  solvents  usually  proceeds 
through  a  process  called  reductive  dehalogenation.  During  this  prowss,  the 
halogenated  hydrocarbon  is  used  as  an  electron  acceptor,  not  as  a  source  of  carbon,  ^d 
a  halogen  atom  is  removed  and  replaced  with  a  hydrogen  atom.  In  general,  reductive 
dehalogenation  occurs  by  sequential  dehalogenation  from  TCE  to  DCE  to  vinyl 
chloride  to  ethene.  Depending  upon  environmental  conditions,  this  sequence  may  be 
interrupted,  with  other  processes  then  acting  upon  the  products.  During  reductive 
dehalogenation,  all  three  isomers  of  DCE  can  theoretically  be  produced;  however, 
Bouwer  (1994)  reports  that  under  the  influence  of  biodegradation,  cfr-l,2-DCE  is  a 
more  common  intermediate  than  rrfl/w-l,2-DCE,  and  that  1,1 -DCE  is  the  least 
prevalent  intermediate  of  the  three  DCE  isomers.  Reductive  dehalogenation  of 
chlorinated  solvent  compounds  is  associated  with  the  accumulation  of  daughter  products 
and  an  increase  in  chloride. 

Reductive  dehalogenation  affects  each  of  the  chlorinated  ethenes  differently.  (Jf 
these  compounds,  PCE  is  the  most  susceptible  to  reductive  dehalogenation  because  it  is 
the  most  oxidized.  Conversely,  vinyl  chloride  is  the  least  susceptible  to  reductive 
dehalogenation  because  it  is  the  least  oxidized  of  these  compounds.  The  rate  of 
reductive  dehalogenation  also  has  been  observed  to  decrease  as  the  degree  of 
chlorination  decreases  (Vogel  and  Mccarty,  1985;  Bouwer,  1994).  Murray  and 
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Richardson  (1993)  have  postulated  that  this  rate  decrease  may  explain  the  accumulation 
of  vinyl  chloride  in  TCE  plumes  that  are  undergoing  reductive  dehalogenation. 

In  addition  to  being  affected  by  the  degree  of  chlorination  of  the  CAH,  reductive 
dehalogenation  can  also  be  controlled  by  the  redox  conditions  of  the  site  groundwater 
system-  In  general,  reductive  dehalogenation  has  been  demonstrated  under  anaerobic 
nitrate-  and  sulfete-reducing  conditions,  but  the  most  rapid  biodegradation  rates, 
affecting  the  widest  range  of  CAHs,  occur  under  methanogenic  conditions  (Bouwer, 
1994).  Dehalogenation  of  PCE  and  TCE  to  DCE  can  proceed  under  mildly  reducing 
conditions  such  as  nitrate  reduction  or  iron  (HI)  reduction  (Vogel  et  al.,  1987),  wMe 
the  transformation  of  DCE  to  vinyl  chloride,  or  the  transformation  from  vmyl  chlonde 
to  ethene  requires  more  strongly  reducing  conditions  (Freedman  and  Gossett,  1989; 
Destefano  et  al,  1991;  DeBruin  et  al,  1992). 

Because  CAH  compounds  are  used  as  electeon  acceptors,  there  must  be  an 
appropriate  source  of  carbon  for  microbial  growth  in  order  for  reductive  dehalogenatiM 
to  occur  (Bouwer,  1994).  Potential  carbon  sources  can  include  low-molecular-weight 
compounds  (e.g.,  lactate,  acetate,  methanol,  or  glucose)  present  in  natural  organic 
matter,  or  fuel  hydrocarbons  such  as  BTEX. 

The  presence  of  cis-1 ,2-DCE  and  the  absence  of  trans-1 ,2-DCE  in  site  groundwater 
suggests  that  TCE  is  being  reductively  dehalogented.  Limited  sulfate  reduction  ^d 
methanogenesis  in  the  core  of  contaminant  plume  also  supports  the  possibility  that 
reductive  dehalogenation  is  occurring.  Redox  conditions  in  the  core  of  the  plume  also 
are  favorable  for  the  reductive  dehalogenation  of  TCE.  Because  vinyl  is  not  observed 
at  the  site,  it  is  likely  that  reductive  dehalogenation  of  cis-1, 2-DCE  is  not  occumng. 

4.3.3.2  Electron  Donor  Reactions 

Under  aerobic  conditions  some  CAH  compounds  can  be  utilized  as  the  primary 
substrate  (i.e.,  electron  donor)  in  biologically  mediated  redox  reactions  (Mccarty  and 
Semprini,  1994).  In  this  type  of  reaction,  the  facilitating  microorganism  obtains  energy 
and  organic  carbon  from  the  degraded  CAH.  In  contrast  to  reactions  in  which  the 
CAH  is  used  as  an  electron  acceptor,  only  the  least  oxidized  CAHs  can  be  utihz^  ^ 
electron  donors  in  biologically  mediated  redox  reactions.  Davis  and  Carpenter  (1990) 
describe  the  aerobic  oxidation  of  vinyl  chloride  in  groundwater.  Mccarty  and  Semprim 
(1994)  describe  investigations  in  which  vinyl  chloride  was  shown  to  serve  as  a  primary 
substrate.  These  authors  also  document  that  dichloromethane  has  the  potential  to 
function  as  a  primary  substrate  under  either  aerobic  or  anaerobic  environments, 
addition,  Bradley  and  Chapelle  (1996)  show  evidence  of  oxidation  of  vinyl  chlonde 
under  iron-reducing  conditions  so  long  as  there  is  sufficient  bioavailable  iron  (III). 
Murray  and  Richardson  (1993)  write  that  microorganisms  are  generally  believed  to  be 
incapable  of  growth  using  TCE  and  PCE.  Aerobic  metabolism  of  vinyl  chlonde  may 
be  characterized  by  a  loss  of  vinyl  chloride  mass,  a  decreasing  molar  ratio  of  viny 
chloride  to  other  CAH  compounds,  and  the  presence  of  chloromethane.  Klier  et  al 
(1996)  provide  evidence  to  suggest  that  DCE  can  be  aerobically  biodegraded  in  both 
contaminated  soils  and  groundwater.  Klier  et  al  write  that  naturally  occui^g 
microorganisms  in  soil  and  groundwater  are  capable  of  biodegrading  DC 
contamination,  by  using  DCE  as  a  primary  substrate,  i.e.  and  electron  donor  Aerobic 
oxidation  of  DCE  may  be  characterized  by  loss  of  DCE  contaminant  mass,  a  decreasing 
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molar  ratio  of  DCE  to  other  CAM  compounds,  and  the  presence  of  elevated  CO2 
concentrations. 

The  disappearance  of  cis-l,2-DCE  from  the  site  groundwater  between  May  1995  and 
July  1996  without  a  corresponding  accumulation  of  vinyl  chloride  suggests  that  cis-1,2- 
DCE  is  being  metabolized  as  an  electron  donor  as  the  groundwater  returns  to  its  natural 
aerobic  conditions. 

4.3.3.3  Cometabolism 

When  a  CAH  is  biodegraded  through  cometabolism,  it  serves  as  ndther  an  electron 
acceptor  nor  a  primary  substrate  in  a  biologically  mediated  redox  reaction.  Instead,  the 
degradation  of  the  CAH  is  catalyzed  by  an  enzyme  or  cofactor  that  is  fortuitously 
produced  by  organisms  for  other  purposes.  The  organism  receives  no  known  benefit 
from  the  degradation  of  the  CAH;  rather  the  cometabolic  degradation  of  the  CAH  may 
in  fact  be  harmful  to  the  microorganism  responsible  for  the  production  of  the  enzyme 
or  cofactor  (Mccarty  and  Semprini,  1994). 

Cometabolism  is  best  documented  in  aerobic  environments,  although  it  potentially 
could  occur  under  anaerobic  conditions.  It  has  been  reported  that  under  aerobic 
conditions  chlorinated  ethenes,  with  the  exception  of  PCE,  are  susceptible  to 
cometabolic  degradation  (Murray  and  Richardson,  1993;  Vogel,  1994;  Mccarty  and 
Semprini,  1994).  Vogel  (1994)  further  elaborates  that  the  cometabolism  rate  mcreases 
as  the  degree  of  dehalogenation  decreases.  There  is  no  evidence  to  either  support  or 
disallow  that  dissolved  TCE  and  cis-l,2-DCE  concentrations  are  being  reduced  through 
cometabolic  processes. 

4.3.3.4  Chloride 

Chloride  concentrations  also  were  measured  in  groundwater  saniples  collected  in 
May  1995  and  July  1996.  Chloride  is  a  byproduct  of  the  biodegradation  of  chlorinated 
solvents.  Concentrations  at  the  site  range  from  1.45  mg/L  to  5.42  mg/L  in  May  1995, 
and  from  <0.5  mg/L  to  6.14  mg/L  in  July  1996.  Table  4.6  summarizes  measured 
chloride  concentrations.  Because  site  chlorinated  solvent  concentrations  are  low,  the 
increase  in  chloride  concentrations  that  can  be  anticipated  as  a  result  of  chlorinate 
solvent  degradation  also  is  low.  The  variability  in  chloride  concentrations  m 
background  locations  at  FT-03  masks  any  increase  in  chloride  that  may  have  occurr^ 
as  a  result  of  chlorinated  solvent  degradation.  Instead,  the  significant  reduction  m 
chlorinated  solvent  concentrations  throughout  the  site  since  May  1995  serve  as  a  better 
indicator  that  biodegradation  of  CAHs  is  occurring. 

4.3.4  Expressed  Assimilative  Capacity  For  BTEX  Degradation 

The  May  1995  data  presented  in  the  preceding  sections  suggest  that  mineralization  of 
BTEX  compounds  was  occurring  through  the  microbially  mediated  processes  of  aerotne 
respiration,  denitrification,  iron  reduction,  and  methanogenesis.  On  the  basis  of  the 
stoichiometry  presented  in  Table  4.5,  the  expressed  BTEX  assimilative  capacity  0 
groundwater  at  FT-03  is  at  least  32,700  pg/L  (Table  4.7). 
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July  1996  data  indicates  that  bioventing  operations  contributed  to  a  decrease  in 
BTEX  dissolving  into  groundwater  and  a  subsequent  return  of  groundwater 
geochemistry  to  conditions  closer  to  background.  Electron  acceptor  concentrations, 
biodegradation  byproduct  concentrations,  alkalinity,  and  contaminant  concentotions  ^ 
moved  rapidly  in  the  direction  of  background  conditions  between  May  1995  and  July 
1996.  Downgradient  trends  of  decreased  nitrate  and  sulfate,  and  increased  ferrous  iron 
and  methane  appear  to  be  shadows  of  past  anaerobic  degradation  activity  at  FT-ra . 
Therefore,  the  c^culated  assimilative  capacity  of  5,560  pg/L  (Table  4.7)  for  July  1996 
is  in  some  ways  also  a  shadow  of  what  has  occurred  in  site  groundwater. 

TABLE  4.7 

EXPRESSHD  ASSIMILATIVE  CAPACITY  OF  SITE  GROUNDWATER 
Christmas  Tree  Fire  Training  Area,  FT-03 
Intrinsic  Remediation  TS 

Wcstover  Air  Reserve  Base.  Massachusetts _ 


Electron  Acceptor  or  Process 

May  1995 

Expressed  BTEX 
Assimilative  Capacity 
(mg/L) 

July  1996 

Expressed  BTEX 
Assimilative  Capacity 
(mg/L) 

Dissolved  Oxygen 

3,200 

2,700 

Nitrate 

1,770 

1,770 

Iron  Reduction 

27,500 

1,080 

Methanogenesis 

230 

10 

Expressed  Assimilative 

Capacity 

32,700 

5,560 

A  closed  system  with  two  liters  of  water  can  be  used  to  help  visualize  the  physical 
meaning  of  assimilative  capacity.  Assume  that  the  first  liter  contains  nc)  fuel 
hydrocarbons,  but  it  contains  fuel-degrading  microorganisms  ^d  has  an  assimilative 
capacity  of  exactly  “x”  pg  of  fuel  hydrocarbons.  The  second  liter  has  no  assimilative 
capacity;  however,  it  contains  fuel  hydrocarbons.  As  long  as  these  two  liters  of  water 
are  kept  separate,  the  biodegradation  of  fuel  hydrocarbons  will  not  occur.  If  these  two 
liters  are  combined  in  a  closed  system,  biodegradation  will  commence  and  continue 
until  the  fuel  hydrocarbons  are  depleted,  the  electrcin  acceptors  are  depleted,  or  the 
environment  becomes  acutely  toxic  to  the  fuel-degrading  microorganisms.  Assuming  a 
nonlethal  environment,  if  less  than  |ig  of  fuel  hydrocarbons  are  in  the  second  liter, 
all  of  the  fuel  hydrocarbons  will  eventually  degrade  given  a  sufficient  time,  likewise,  if 
greater  than  “x”  pg  of  fuel  hydrocarbons  were  in  the  second  liter  of  water,  only  “x”  pg 
of  fuel  hydrocarbons  would  ultimately  degrade. 

The  groundwater  beneath  a  site  is  an  open  system,  which  continually  receives 
additional  electron  receptors  from  through  the  flow  of  the  aquifer  and  the  percolation  o 
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precipitation.  This  means  that  the  assimilative  capacity  is  not  fixed  as  it  would  be  in  a 
closed  system,  and  therefore  cannot  be  compared  direcUy  to  con^inant  con^ntraUon 
in  the  groundwater.  Rather,  the  expressed  assimilative  capacity  of  groundwater  is 
intended  to  serve  as  a  qualitative  tool.  Although  the  expressed  assimilative  capacity  at 
this  site  is  greater  than  the  highest  measured  total  BTEX  concentrations  me^ured  m 
May  1995  and  July  1996,  the  fate  of  BTEX  in  groundwater  and  the  potential  impact  to 
receptors  is  dependent  on  the  relationship  between  the  kinetics  of  biodegradation  ma 
the  solute  transport  velocity  (Chappelle,  1994).  This  significant  expressed  assimilative 
capacity  is  a  strong  indicator  that  biodegradation  is  occurring;  however,  it  is  not  an 
indication  that  biodegradation  will  proceed  to  completion  before  potential  downgradient 
receptors  are  impacted. 

At  FT-03,  the  expressed  assimilative  capacity  for  groundwater  and  the  ^id 
decrease  in  groundwater  contaminant  concentrations  between  May  1995  and  July  1996 
suggest  that  biodegradation  will  proceed  to  completion. 

4.3.5  Discussion 

Throughout  this  section,  two  lines  of  evidence  for  intrinsic  remediation  of  ^troleuin 
hydrocarbons  at  FT-03  were  presented.  Contaminant  data  presented  in  Section  4  3.1 
indicate  that  contaminant  mass  has  essentially  been  completely  removed  from  shallow 
groundwater.  In  Section  4.3.2,  comparison  of  BTEX,  electron  acceptor,  ^d 
biodegradation  byproduct  isopleth  maps  for  FT-03  provides  strong  qualita^e 
geochemical  evidence  of  biodegradation  of  BTEX  compounds  through  aerobic 
respiration,  denitrification,  iron  reduction,  and  methanogenesis.  Other  observations 
and  patterns  in  the  data  provide  further  evidence  that  biodegradation  is  reducing 
hydrocarbon  concentrations  at  the  site.  In  Section  4.3.3,  similar  lines  of  evidence 
suggest  qualitatively  that  chlorinated  solvent  degradation  also  is  occurring  at  the  site. 
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SECTIONS 

GROUNDWATER  MODELING 


5.1  GENERAL  OVERVIEW 

To  help  estimate  degradation  rates  for  dissolved  BTEX  at  FT-03  and  to  help  predict 
the  future  migration  of  these  compounds,  Parsons  ES  modeled  the  fate  and  transport  of 
the  dissolved  BTEX  plume.  The  modeling  effort  has  three  primary  objectives:  (1)  to 
predict  the  future  extent  and  concentration  of  the  dissolved  contamin^t  plume  by 
modeling  the  combined  effects  of  advection,  dispersion,  sorption,  and  biodegradation; 
(2)  to  assess  the  potential  for  exposure  of  downgradient  receptors  to  contaminant 
concentrations  that  exceed  regulatory  standards  intended  to  be  protective  of  humM 
health  and  the  environment;  and  (3)  to  provide  technical  support  for  the  intrinsic 
remediation  option  at  post-modeling  regulatory  negotiations.  The  model  was  developed 
using  site-specific  data  and  conservative  assumptions  about  governing  physical  ^d 
chemical  processes.  Because  of  the  conservative  nature  of  model  input,  the  reduction 
in  contaminant  mass  caused  by  natural  attenuation  is  expected  to  exceed  model 
predictions.  This  analysis  is  not  intended  to  represent  a  baseline  assessment  of  potential 
risks  posed  by  site  contamination. 

Partial  differential  equations  that  describe  groundwater  flow  and/or  solute  transport 
can  be  solved  analytically  or  numerically.  The  type  of  model  selected  to  simulate  site 
conditions  depends  on  the  complexity  of  the  problem,  the  amount  of  available  data,  the 
importance  of  the  decisions  that  will  be  based  upon  the  model,  and  project  scope. 
Analytical  methods  (models)  provide  exact,  closed-fonn  solutions,  and  numerical 
methods  (models)  provide  approximate  solutions.  Analytical  models  are  the  simplest  to 
set  up  and  solve,  allowing  the  user  to  evaluate  many  scenarios  in  a  relatively  short 
time.  Numerical  methods  are  more  efficient  for  those  systems  that  are  too  complex  for 
analytical  methods.  Analytical  models  are  restricted  in  the  nature  of  the  problems  for 
which  they  can  be  used,  and  for  some  transport  problems  they  may  become  so  complex 
and  unwieldy  that  the  use  of  numerical  methods  may  be  more  efficient.  Theoretically 
there  are  no  limits  on  the  characteristics  of  the  hydrogeological  system  and  the 
properties  of  the  solute(s)  that  can  be  simulated  using  a  numerical  model  cc^e.  There 
are,  however,  practical  limits  on  the  ways  in  which  the  system  and  any  reactions  within 
it  can  be  represented.  The  basic  parameters  for  both  types  of  models  typically  include 
groundwater  seepage  velocity,  hydraulic  conductivity,  saturat^  thickness  of  the 
aquifer,  porosity,  source  area  configuration,  source  area  contaminant  concentrations, 
leakage  rates,  dispersion  coefficients,  retardation  values,  and  decay  rates. 

If  limited  data  are  available,  or  the  hydrogeologic  conditions  are  simple,  an 
analytical  model  can  be  selected  to  simulate  contaminant  fate  and  transport,  i^alytical 
solutions  provide  exact,  closed-form  solutions  to  the  governing  advection-dispersion 
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equation  by  making  significant  simplifying  assumptions.  The  more  closely  the  act^ 
system  approximates  these  assumptions,  the  more  accurate  the  analytical  model  wm  be 
in  predicting  solute  fate  and  transport.  Because  of  the  nature  of  the  simplifying 
assumptions,  analytical  models  may  overestimate  or  underestimate  Ae  spread  of 
contamination.  By  making  assumptions  that  will  ensure  the  model  will  overpredict 
contaminant  concentrations  and  travel  distances  (or  at  least  not  underpredict  them),  the 
model  predictions  will  be  conservative.  The  more  conservative  a  model  is,  the  more 
confidence  there  should  be  that  potential  receptors  will  not  be  impacted  by  site 
contamination.  Analytical  solutions  are  generally  limited  to  steady,  uniform  flow  or 
radial  flow,  and  should  not  be  used  for  groundwater  flow  or  solute  transport  problems 
in  strongly  anisotropic  or  heterogeneous  media. 

Numerical  solutions  provide  approximate  solutions  to  the  advection-dispersion 
equation.  Numerical  models  are  less  burdened  by  simplifying  assumptions  and  ye 
capable  of  addressing  more  complicated  problems.  Unlike  analytical  models, 
numerical  models  allow  subsurface  heterogenieties  and  varying  aquifer  parameters  to  be 
simulated,  as  well  as  transient  simulations  (i.e.,  one  or  more  properties  or  conditions 
change  oW  time),  if  the  requisite  data  are  available.  Many  of  the  assumptions 
required  for  the  analytical  solutions  are  not  necessary  when  numerical  techniques  are 
used  to  solve  the  governing  solute  transport  equation.  However,  a  greater  amount  of 
site-specific  data  is  needed  to  implement  a  numerical  model,  and  the  solutions  are 
inexact  numerical  approximations.  The  added  complexity  of  perfcirming  a  numencal 
model  typically  is  not  warranted  unless  the  spatial  distribution  of  input  parameters  is 
known. 

Analytical  models  were  selected  to  evaluate  contaminant  fate  and  transport  at  FT-03. 
Analytical  models  are  appropriate  at  this  site  because  hydrogeologic  conditions  are 
uniform,  limited  geochemical  and  contaminant  concentration  information  is  available 
spatially,  and  remediation  of  the  site  source  area  is  in  progress. 

5.2  CONCEPTUAL  MODEL  DESIGN  AND  ASSUMPTIONS 

Before  developing  a  groundwater  model,  it  is  important  to  develop  a  reasonable 
interpretation  of  aquifer  conditions.  On  the  basis  of  the  data  presented  in  Section  3,  the 
shallow  saturated  zone  was  conceptualized  and  modeled  as  a  shallciw  unconfined 
aquifer  composed  of  well-sorted,  interbedded  sand  and  sandy  gravel,  wiA  some  clean 
coarse  gravel  seams  present  (Figure  3.3).  Water  level  data  suggest  a  relatively  uniform 
local  groundwater  flow  system  without  a  significant  vertical  component. 

Geochemical  data  presented  in  Section  4  suggest  that  biodegradation  of  site 
contaminants  is  occurring.  In  particular,  BTEX  comiyunds  are  bdng  degraded  by 
aerobic  respiration  and  the  anaerobic  processes  of  denitrification,  ferric  iron  reduction, 
sulfate  reduction,  and  methanogenesis.  Past  analytical  data  which  show  temporal 
decreases  in  dissolved  BTEX  concentrations  were  used  for  model  calibration  and  to 
support  source  reduction  assumptions.  Chlorinated  solvents  were  not  modded  because 
the  distribution  of  contaminants  made  estimation  of  a  reliable  de<»y  coefficient  difficult 
to  obtain.  Furthermore,  the  maximum  downgradient  concentration  is  below  state  and 
federal  groundwater  guidelines,  and  source  area  concentrations  proportionally  are 
significantly  lower  than  the  observed  BTEX  concentrations.  Therefore  dissolved  BTEX 
groundwater  contamination  at  the  site  was  modeled. 
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The  contaminated  soils  at  the  site  are  undergoing  remediation  through  bioyenting. 
As  a  result,  they  are  unlikely  to  serve  as  a  significant  continuing  source  of  dissolved 
BTEX  contamination  at  the  site. 

5.3  INITIAL  MODEL  SETUP 

Where  possible,  the  initial  setup  for  the  models  was  based  on  site  data.  Where  site- 
specific  data  were  not  available  (e.g.,  for  effective  porosity),  reasonable  assumptions 
were  made  on  the  basis  of  widely  accepted  literature  values.  The  analytical  model 
solution  is  based  on  calculations  for  retarded  flow  with  biodegradation  and  a  decaying 
source  (van  Genuchten  and  Alves,  1982).  The  following  sections  describe  the 
model  setup.  The  analytical  model  parameters  that  were  varied  during  model 
calibration  are  discussed  in  Section  5.4. 

5.3.1  Groundwater  Gradient 

The  May  1995  water  table  elevation  map  presented  on  Figure  3.4  was  used  to 
determine  the  hydraulic  gradient.  Groundwater  flow  in  the  vicinity  of  the  site  is  to  the 
south  with  an  average  gradient  of  approximately  0.01  ft/ft.  Data  review  indicates  the 
groundwater  elevation  seasonally  fluctuates  approximately  1.5  feet.  Although  the 
historic  groundwater  elevation  data  suggested  a  slightly  steeper  groundwater  gradient 
than  the  May  1995  groundwater  elevation  data,  historic  data  were  compiled  from  fewer 
monitoring  wells.  Therefore,  it  was  assumed  that  the  May  1995  water  levels  and 
gradient  are  representative  of  steady-state  conditions. 

5.3.2  BTEX  Concentrations 

The  total  dissolved  BTEX  concentrations  obtained  from  laboratory  analytical  results 
were  used  for  model  development.  Table  4.3  presents  May  1995  dissolved  BTEX 
concentration  data.  Figure  4.2  shows  the  areal  distribution  of  dissolved  groundwater 
BTEX  in  May  1995.  The  shape  and  distribution  of  the  total  BTEX  plume  are  the  result 
of  advective-dispersive  transport  and  biodegradation  of  dissolved  BTEX  contamination 
originating  from  source  area  at  FT-03.  The  BTEX  concentrations  from  the  May  1995, 
1993,  and  1989  investigations  were  used  in  the  models  to  project  future  downgradient 
concentrations. 

5.3.3  Degradation  Rates 

Available  data  strongly  suggest  that  aerobic  and  anaerobic  degradation  is  occurring 
at  the  site.  In  May  1995,  combined  anaerobic  processes  account  for  over  90  percent  of 
the  assimilative  capacity  of  site  groundwater  (Table  4.7).  As  with  a  large  number  of 
biological  processes,  biodegradation  can  generally  be  described  using  a  first-order  rate 
constant  and  the  equation: 


where:  C  =  Contaminant  Concentration  at  Time  t 

Co  =  Initial  Contaminant  Concentration 
k  =  Coefficient  of  Anaerobic  Decay  (anaerobic  rate  constant) 
t  =  time 
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Two  methods  of  calculating  rate  constants  are  currently  available  to  quantify  rates  of 
biodegradation  at  the  field  scale  and  area  applicable  for  use  with  available  site  dato. 
The  first  method  involves  the  use  of  a  biologically  recalcitrant  compound  found  m  the 
dissolved  BTEX  plume  that  can  be  used  as  a  conservative  tracer.  The  second  method, 
proposed  by  Buscheck  and  Alcantar  (1995),  involves  interpretetion  of  a  steady-state 
contaminant  plume  configuration  and  is  based  on  the  one-dimensional  steady-state 
analytical  solution  to  the  advection-dispersion  equation  presented  by  Bear  (1979). 

5.3.3.1  Trimethylbenzene  Tracer  Method 

To  calculate  rate  constants,  the  apparent  degradation  rate  must  be  normaliz^  for  the 
effects  of  dilution  caused  by  advective-dispersive  processes  and  soiption.  This  can  be 
accomplished  by  normalizing  the  concentration  of  each  contaminant  to  the 
concentration  of  a  component  of  jet  fuel  (a  tracer)  that  has  similar  sorptive  properties 
but  that  is  fairly  recalcitrant.  Observed  BTEX  concentration  data  can  be  normalized  to 
1,3,5-TMB,  1,2,4-TMB,  and/or  1,2,3-TMB  or  another  tracer  with  similar 

physiochemical  properties.  The  TMB  compounds  can  serve  as  good  tracers  because 
they  can  be  biologically  recalcitrant  under  anaerobic  conditions,  and  they  have  sorptive 
properties  similar  to  the  BTEX  compounds  (Cozzarelli  et  ah,  1990  and  1994).  Thus, 
the  TMB  is  assumed  to  respond  similarly  to  the  processes  of  advection,  dispersion,  and 
sorption  without  experiencing  a  reduction  in  concentration  due  to  biodegradation. 
Under  aerobic  conditions,  TMB  compounds  are  less  recalcitrimt,  leading  to  reduction  in 
TMB  concentrations  by  processes  other  than  dispersion,  dilution,  and  sorption.  This  in 
turn  results  in  the  calculation  of  an  overly  low,  albeit  conservative,  rate  constant. 

The  normalized  (corrected)  concentration  of  a  compound  is  the  concentration  of  the 
compound  that  would  be  expected  at  one  point  (B)  located  downgradient  from  another 
point  (A)  after  correcting  for  the  effects  of  dispersion,  dilution,  and  sorption  between 
points  A  and  B.  One  relationship  that  can  be  used  to  calculate  the  corrected 
contaminant  concentration  is: 


Cb.coit  ~  Cb(TMBa/TMBb) 


where:  Cs.corr  =  Corrected  concentration  of  compound  at  Point  B 

Cb  =  Measured  concentration  of  compound  at  Point  B 
TMBa  =  Measured  TMB  concentration  at  Point  A 
TMBb  =  Measured  TMB  concentration  at  Point  B. 


A  log-linear  plot  of  the  corrected  contaminant  concen^tions  along  a  flow  path 
versus  the  travel  time  from  the  origin  can  be  used  to  determine  whether  the  data  set  can 
be  described  using  a  first-order  exponential  equation  (i.e.,  r  is  greater  than 
approximately  0.9).  When  this  occurs,  the  exponential  slope  can  be  used  as  the  rate 
constant.  Once  again,  if  aerobic  conditions  exist  along  the  selected  flow  path,  the  rate 
constant  calculation  will  be  conservative  because  TMBs  are  not  recalcitrant  under 
aerobic  conditions. 

An  average  rate  constant  for  BTEX  decay  at  FT-03  was  determined  from  May  1995 
BTEX  and  TMB  data.  The  selected  flow  path  from  TF-2A  to  TF-11  is  anaerobic. 
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TsblcS.l  presents  the  dEtsi  for  &  first-order  rate  constant  calculation  for  BTEX  using 
1  2  4-TMB  as  a  conservative  tracer.  The  TMB-corrected  total  BTEX  concentration 
rraresents  the  theoretical  BTEX  concentration  at  a  point  if  biodegradation  were  the  only 
process  affecting  BTEX  concentrations.  *^0  graph  that  accompanies  the  table 
mustrates  that  a  rate  constant  of  0.0013  day'*  is  predicted.  TMB  should  serve  as  a 
conservative  tracer  because  retardation  coefficients  for  1,2, 4-TMB  are  from  1.4  to  7 
times  higher  than  those  of  benzene,  toluene,  ethylbenzene,  or  xylene.  Therefore,  the 
rate  constant  is  expected  to  be  higher  than  calculated  from  this  techmque. 
Furthermore,  downgradient  from  well  TF-11,  the  biodegradation  rate  instant  would 
be  expectol  to  increase  because  the  aquifer  becomes  aerobic.  Typically,  aerobic 
degradation  rates  exceed  anaerobic  degradation  rates  (Borden  and  Bedient,  1986). 

5.3.3.2  Method  of  Buscheck  and  Alcantar 

Buscheck  and  Alcantar  (1995)  derive  a  relationship  that  allows  calculation  of  first- 
order  decay  rate  constants  for  steady-state  plumes.  TTiis  niethod  involves  couplmg  the 
regression  of  contaminant  concentration  (plotted  on  a  logarithmic  scale)  versus  distance 
downgradient  (plotted  on  a  linear  scale)  to  an  analytical  solution  for  one-dimensional, 
steady-state,  contaminant  transport  that  includes  advection,  dispersion,  sorption,  and 
biodegradation.  For  a  steady-state  plume,  the  first-order  decay  rate  is  given  by 
(Buscheck  and  Alcantar,  1995): 
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where:  X  =  first-order  decay  rate 

Vc  =  retarded  contaminant  velocity  in  the  x-direction 

Og  =  dispersivity 

jt/v,  =  slope  of  line  determined  from  a  log-linear  plot  of  contaminant 
concentration  versus  distance  downgradient  along  flow  path 

The  first-order  decay  rate  includes  biodegradation  resulting  from  both  aerobic  and 
anaerd)ic  processes;  however,  in  the  absence  of  oxygen,  the  first-order  rate  is 
equivalent  to  the  anaerobic  decay  rate.  Table  5.2  presents  the  data  for  a  first-order  rate 
constant  calculation  for  BTEX  using  May  1995  data  at  FT-03  and  the  method  proposed 
by  Buscheck  and  Alcantar  (1995).  An  exponential  fit  to  the  data  estimates  a  log-linear 
slope  of  0.0369.  This  value  translates  to  a  decay  constant  of  0.0034  day' 


5.3.3.3  Selection  of  a  Decay  Rate  Constant 

A  review  of  recent  literature  indicates  that  higher  rate  constants  generally  have  been 
observed  in  anaerobic  plumes  at  other  sites.  For  example,  Chapelle  (1994)  reported 
that  at  two  different  sites  with  anaerobic  groundwater  conditions  the  rate  constants  were 
both  approximately  0.01  day'‘.  Wilson  et  al  (1994)  report  fost-order  anaerobic 
biodegradation  rates  of  0.05  to  1.3  week'*  (0.007  to  0.185  day);  Buscheck  cr  al 
(1993)  r^rt  first-order  attenuation  rates  in  a  range  of  0.001  to  0.01  day  ;  and 
Stauffer  et  al.  (1994)  report  rate  constants  of  0.01  and  0.018  day'  for  be^ne  and  p- 
xylene,  respectively.  A  first-order  rate  constant  of  0.0034  day'  was  used  in  two  of  the 
analytical  models  for  this  site.  The  third  analytical  model  used  a  rate  constant  of 
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TABLE  5.1 

FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  14,4-TMB  AS  A  CONSERVATIVE  TRACER 
Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Travel  Time 

Between 

Measured 

Measured 

Trimethylbenzene- 

Upgradient  and 

Total 

1A4- 

Corrected 

Distance 

Downgradient 

BTEX 

Trimethylbenzene 

Total  BTEX 

Downgradient 

Points 

Concentration 

Concentration 

Concentration 

Point 

(ft) 

(days) 

(iigft^) 

(pgft-) 

TF-2A 

0 

0 

1657 

280 

1657 

TF-5 

105 

584 

123 

47 

737 

TF-11 

240 

1334 

77 

13 

278 

0.18  ft/day  (average  for  all  BTEX  compounds) 


PLOT  OF  TMB-CORRECTED  TOTAL  BTEX  CONCENTRATION 
VERSUS  TRAVEL  TIME 
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Total  BTEX  Concentration  (ug/L) 


TABLES.! 

FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 
Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 


Point 

Distance 

Downgradient(m) 

Total  BTEX  (m«/L) 
May-95 

1F-2A 

0 

1656.6 

TF-5 

32 

123.1 

TF-11 

73 

76.9 

TF-8 

114 

15.9 

PLOT  OF  TOTAL  BTEX  CONCENTRATION 
VERSUS  DISTANCE 


X  =  vy4axai+2ax(k/vx)]"-l) 


where  v*  =  0.06 
otx=  15 
k/v=  0.0369 
therefore  X  =  0.0034 
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0.0013  day  *.  Rate  constants  estimated  from  both  methods  were  used  in  the  models 
because  they  are  relatively  similar  and  are  in  the  low  range  of  the  literature  values. 

5.4  ANALYTICAL  MODEL  RESULTS 

One-dimensional  analytical  models  were  used  to  evaluate  contaminant  fate  and 
transport  at  FT-03.  Analytical  models  provide  exact,  closed-form  solutions  to  the 
advection/dispersion  equation,  provided  that  several  simplifying  assumptions  can  be 
made.  The  models  used  with  FT-03  data  provided  first-order  solute  decay  solutions  for 
a  semi-infinite  system  with  a  point  source  of  diminishing  concentration  (van  Genuchten 
and  Alves,  1982).  The  models  assume  a  homogeneous,  isotropic  aquifer;  a  uMorni, 
constant-velocity  flow  field  in  the  x-direction  only;^  a  consist  longitudmal 
hydrodynamic  dispersion;  a  first-order  rate  of  decay  for  biodegradation;  and  a  linear 
sorption  rate.  It  was  not  appropriate  to  use  a  constant-source  model  due  to  the  low 
levels  of  soil  contamination  and  the  presence  of  an  operational  bioventing  system 
designed  to  remediate  the  hydrocarbon  contaminated  soils. 

5.4.1  Model  Calibration 

Calibration  of  the  contaminant  fate  and  transport  model  is  an  important  component 
in  the  development  of  a  defensible  groundwater  model.  It  demonstrates  that  the  model 
is  capable  of  predicting  actual  observed  hydraulic  and  contaminant  conditions  given 
conditions  observed  in  the  past.  The  analytical  flow  models  presented  herein  were 
calibrated  using  historical  analytical  data  for  initial  contaminant  concentrations  and 
altering  source  and  solute  decay  rates  until  modeled  data  match^  current  observed 
BTEX  concentrations.  Data  from  UNC  Geotech  (1991)  and  O’Brien  and  Gere  (1994) 
were  used  for  initial  conditions  in  5.5-year  and  2-year  models,  respectively.  A  third 
model  was  calibrated  over  a  30-year  period  spanning  the  time  from  the  cessation  of  fire 
training  exercises  to  the  present.  Initial  BTEX  concentrations  indicative  of  free  product 
were  assumed  in  the  calibrated  30-year  model.  Values  for  the  hydraulic  parameters 
were  not  varied  among  the  three  models.  For  each  model  the  hydraulic  gradient  was 
0.01  ft/ft,  the  hydraulic  conductivity  was  1.05  m/day,  and  the  effective  porosity  was 
0^2. 

All  of  the  models  were  successfully  calibrated  to  reproduce  BTEX  concentotions 
observed  at  the  source  area  (well  TF-2A)  and  leading  plume  edge  (well  TF-8)  in  May 
1995.  At  the  two  mid-plume  wells  (TF-5  and  TF-11),  where  modeled  concentrations 
could  not  be  successfully  matched  with  the  observed  concentrations,  the  modeled 
concentrations  were  higher  than  actual  observed  concentrations.  Consequently,  the 
total  dissolved  contaminant  mass  predicted  from  the  models  is  higher  than  the  mass 
estimated  from  the  observed  contaminant  concentrations.  Thus,  the  models  are 
considered  conservative.  Model  input  and  output  are  included  in  Appendix  C. 

TOC  was  not  measured  above  1  mg/kg  in  the  five  soil  samples  collected  from  the 
saturated  zone.  The  absence  of  organic  carbon  in  saturated  soils  significantly 
influences  the  model  calibration.  With  so  little  TOC  in  the  saturated  soil,  tfie 
contaminant  migration  was  modeled  with  no  retardation  resulting  from  sorption.  This 
means  that  the  modeled  contaminant  velocities  were  identical  to  the  advective 
groundwater  velocity.  This  is  a  very  conservative  estimate  because  it  is  unlikely  that 


022/722450/WESTOVER/FINALTS/5  .DOC 


5-8 


saturated  soils  are  barren  of  all  TOC.  It  is  expected  that  some  sorption,  and  therefore 
some  contaminant  retardation  with  respect  to  groundwater  velocity,  is  occurring. 

Each  of  the  three  calibrated  models  was  used  to  estimate  the  downgradient  travel 
distance,  expected  remediation  timetable,  and  future  BTEX  concentrations  at  both  the 
source  and  downgradient  locations. 

5.4.2  Model-Decay  1% 

Model-Decay  1%  was  calibrated  over  a  5.5-year  interval  using  BTEX  analytical 
results  from  1989  and  1995.  The  model  assumes  an  initial  background  BTEX 
concentration,  attributable  to  existing  contamination,  of  16  pg/L  and  a  measured  source 
area  concentration  of  2,820  pg/L  in  1989.  The  caUbrated  model  successfully  predicts 
observed  1995  BTEX  concentrations  at  three  of  the  four  monitoring  wells  along  the 
flow  path  using  a  solute  decay  rate  of  0.0034  day*'  and  a  source  decay  rate  of  1  percent 
per  year.  Where  calibration  was  not  achieved,  the  modeled  concentration  was  higher 
than  the  measured  concentration,  and  therefore  is  a  conservative  estimate  of  site 
conditions. 

The  calibrated  model  was  used  as  the  foundation  for  two  future  scenarios 
incorporating  annual  source  decay  rates  of  5  and  50  percent.  Implementation  of  a 
bioventing  soil  remediation  system  has  been  accompanied  by  source  decay  rat« 
averaging  over  90  percent  per  year  in  vadose  zone  soils  at  a  group  of  16  other  Air 
Force  sites  (AFCEE,  1994).  Similarly  high  source  decay  rates,  however,  would  be 
expected  in  capillary  fringe  soils  only  in  the  presence  of  a  falling  or  fluctuating  water 
table.  Therefore  to  model  the  future  of  the  site,  models  were  run  with  annual  source 
decay  rates  of  5  percent  (negligible  bioventing  of  capillary  fringe)  and  50  percent 
(significant  bioventing  of  capillary  fringe).  An  increase  in  the  source  decay  rate  to  5 
percent  per  year  is  still  conservative,  but  it  presents  a  more  reasonable  scenario  of  site 
conditions  after  implementation  of  soil  remediation  if  the  water  table  is  stable  or  rising. 
An  annual  source  reduction  rate  of  50  percent  was  used  to  model  the  effect  of 
bioventing  given  a  water  table  that  is  falling  or  varies  periodically  by  a  couple  of  f^t. 
Because  groundwater  levels  have  been  documented  to  fluctuate  by  1.5  feet  at  the  site, 
the  average  annual  rate  of  50  percent  may  be  more  realistic  given  the  probability  of 
remediation  of  the  capillary  fringe  zone  through  bioventing  within  the  next  few  years. 

The  5  percent  model  of  future  annual  source  decay  suggests  a  minor  plume 
expansion  through  the  year  2(X)5  followed  by  differing  rates  of  plume  recession.  The 
model  incorporates  a  5-percent  annual  decay  rate  beginning  in  1995  and  suggests  that 
the  5-pg/L  concentration  will  withdraw  into  Base  boundaries  after  80  years.  Under  the 
scenario  of  a  50-percent  annual  source  decay  rate,  the  model  predicts  that  the  5-M.g/L 
total  BTEX  contour  would  retreat  to  the  Base  boundary  in  approximately  8  years. 

Assuming  a  5-percent  annual  source  decay  rate  results  in  a  predicted  total  BTEX 
concentration  of  750  pg/L  in  the  source  area  after  50  years,  as  well  as  correspondingly 
lower  total  BTEX  concentrations  at  the  Base  boundary  and  monitoring  well  TF-8.  In 
comparison,  the  model  incorporating  a  50-percent  annual  source  decay  rate  sugg^ts 
that  a  total  BTEX  concentration  of  only  6  pg/L  would  remain  in  the  source  ar^  after 
10  years.  Model  outputs,  including  graphs  of  concentration  versus  time  and  distance, 
are  provided  in  Appendix  C. 
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5.4.3  Model-Decay  8% 

This  model  was  developed  by  assuming  the  presence  of  free  product  in  1965  and 
varying  the  model  input  parameters  to  achieve  the  May  1995  BTEX  values.  The  bii^ 
1965  source  was  assum^  to  have  a  total  BTEX  concentration  of  30,000  P-g/L.  To 
calibrate  the  model,  an  8-percent  annual  source  decay  rate  and  0.0034-day  solute 
decay  rate  were  used.  Before  implementation  of  bioventing,  ^  an  8-percent  annual 
source  decay  rate  may  be  an  accurate  representation  of  site  conditions  because  a  rate  of 
this  magnitude  could  account  for  natural  degradation  of  the  source  ^s  well  ^ 
dissolution  of  the  source  into  groundwater.  With  the  startup  of  bioventog  in  1995,  the 
decay  rate  could  be  expected  to  increase  to  as  high  as  90  percent  under  ideal  conditions; 
therefore,  it  is  believed  this  model  underestimates  the  actual  rate  of  source  decay 
currently  occurring.  The  30-year  calibration  run  was  nble  to  achieve  two  of  Ae 
observed  1995  concentrations,  and  was  slightly  higher  (within  a  factor  of  4)  than  me 
other  two  observed  1995  BTEX  concentrations.  This  model  also  is  conservative 
because  the  modeled  concentrations  are  slightly  higher  than  the  observed 
concentrations. 

Continuation  of  the  8-percent  model  past  1995  indicat^  the  5-|ig/L  isopleth  for  total 
BTEX  will  begin  to  recede  from  a  maximum  downgradient  distance  of  approximately 
500  feet  downgradient  of  the  source  in  2  years.  The  model  suggests  that  the  5-M.g/L 
isocontour  will  recede  to  435  feet  downgradient  in  10  years,  and  to  within  the  Base 
boundary  after  55  years.  This  version  of  the  itiodel  suggests  the  total  BT^ 
concentration  will  be  approximately  30  pg/L  in  the  source  area  after  50  years.  If  the 
annual  source  decay  rate  was  increased  to  50  percent  to  accommodate  bioventing, 
BTEX  source  area  concentrations  would  be  reduced  to  less  than  5  pg/L  aror 
approximately  11  years.  To  run  the  model  under  a  bioventing  scenario,  the  modeled 
1995  concentrations  were  input  into  the  model,  and  the  source  decay  rate  was  increased 
to  50  percent  per  year. 

At  TF-8,  the  furthest  downgradient  monitoring  well,  the  BTEX  concentration  is  not 
predicted  to  exceed  20  pg/L.  The  bioventing  model  suggests  Base  boundary 
concentrations  have  already  peaked  and  will  continue  to  decrease  from  the  1995 
modeled  BTEX  concentration  of  approximately  500  pg/L.  Again,  these  are 
conservative  estimates  because  the  model  was  calibrated  slightly  above  the  observed 
1995  BTEX  concentrations  at  three  locations.  The  version  of  the  model  that  attempts 
to  incorporate  bioventing  through  the  use  of  a  50-percent  annual  source  decay  predicts 
sharp  drops  in  downgradient  BTEX  concentrations  as  a  result  of  the  rapid  reduction  m 
source  concentrations.  Model  outputs,  including  graphs  of  concentration  versus  time 
and  distance  are  provided  in  Appendix  C. 

5.4.4  Model-Decay  10% 

Model-Decay  10%  was  designed  using  observed  1993  BTEX  concentrations  and 
calibrating  the  input  parameters  to  achieve  1995  concentrations.  The  model  uses  an 
assumed  initial  background  BTEX  concentration  of  16  pg/L  and  the  1993  observed 
BTEX  source  area  concentration  of  2,690  pg/L.  Using  a  lower  solute  decay  rate  of 
0.0013  day'*  and  a  10-percent  annual  source  decay  rate,  the  model  was  able  to  calibrate 
3  of  the  4  observed  1995  concentrations  along  the  groundwater  flow  path.  At  the  point 
where  the  modeled  concentration  could  not  be  calibrated  to  observed  concentration,  the 
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modeled  concentration  was  higher  than  the  measured  concentration.  This  results  in  a 
conservative  model  because  the  total  mass  of  BTEX  in  the  aquifer  accounted  for  th® 
model  is  higher  than  estimated  from  observed  total  BTEX  concentrations.  In  addition, 
the  solute  decay  rate  of  0.0013  day'‘  is  considered  conservative  because  it  is  oenyw 
from  the  assumption  that  oxygen  is  not  present  in  the  aquifer  (Section  5.3.3. 1).  While 
this  assumption  may  be  legitimate  for  the  source  area  of  the  plume,  DO  is  present  at 
the  leading  edge  of  the  plume,  and  oxygen  influx  is  possible  via  ramwater  recharge 
throughout  the  plume.  Typically  anaerobic  biodegradation  rates  are  lower  than  aerobic 
biodegradation  rates,  and  therefore  the  solute  decay  coefficient  would  be  expected  to 
increase  downgradient  as  the  aquifer  becomes  more  aerobic.  Another  conservative 
estimate  of  the  model  is  that  it  does  not  simulate  the  effect  of  the  newly  installed 
bioventing  system  on  the  source  decay  rate;  however,  this  may  be  partially  offset  by 
the  10-percent  annual  source  decay  rate  that  may  be  somewhat  high  in  the  absence  of 

active  remediation  (i.e.,  bioventing). 

As  a  result  of  the  low  solute  decay  rate,  this  model  presents  a  “worst-case”  s^naiio 
for  downgradient  BTEX  migration.  Continued  modeling  suggests  that  the  5-pg/L 
isocontour  will  advance  to  approximately  950  feet  downgradient  from  the  soi^  area. 
The  plume  is  predicted  to  continue  advancing  for  10  additional  years  (until  2005),  and 
then  begin  to  recede.  In  55  years,  the  model  suggests  that  the  5-M.g/L  total  BTEX 
isocontour  will  have  withdrawn  to  the  Base  boundary.  If  the  solute  decay  rate  is 
increased  by  a  factor  of  2,  the  5-pg/L  extent  of  the  plume  would  withdraw  to  the  Base 
boundary  after  approximately  45  years.  Increasing  the  solute  decay  rate  by  a  factor  of 
two  could  help  account  for  aerobic  biodegradation  that  likely  is  occurring  along  the 

plume  fringe. 

The  model  predicts  that  source  area  concentrations  will  decrease  from  1,700  pg/L  in 
1995  to  700  pg/L  in  2005,  to  12  pg/L  in  2045.  The  maximum  total  BTEX 
concentration  at  monitoring  well  TF-8  is  predicted  to  occur  in  year  2000  at  just  wct 
150  pg/L.  Again,  the  reason  this  model  predicts  higher  downgradient  BTEX 
concentrations  is  due  to  the  use  of  an  anaerobic  decay  rate  for  the  entire  length  of  the 
plume.  Without  changing  the  solute  decay  constant,  the  model  suggests  that  the 
maximum  total  BTEX  concentration  at  the  Base  bound^  will  reach  almost  800  pg/L 
at  the  turn  of  the  century.  If  the  solute  decay  constant  is  increased  by  a  factor  of  two, 
to  account  for  some  aerobic  decay,  the  maximum  predicted  BTEX  concentration  at  the 
Base  boundary  does  not  exceed  430  pg/L,  similar  to  Model-Decay  8%. 

5.5  SENSITIVITY  ANALYSIS 

The  purpose  of  the  sensitivity  analysis  is  to  determine  the  effect  of  varying  model 
input  parameters  on  model  output.  The  sensitivity  analysis  for  this  model  was 
conducted  on  individual  runs  of  Model-Decay  1  %  by  varying  hydraulic  con^ctivity 
(+5  times),  the  organic  carbon  content  (±10  times),  effective  porosity  (±50%),  and 
dispersivity  (±2  times).  The  effects  of  variation  on  the  solute  decay  rate  and  the  annual 
rate  of  source  decay  are  examined  as  a  part  of  the  model  discussion  (Section  5.4).  To 
perform  the  sensitivity  analyses,  Model-Decay  1%  was  run  with  the  same  input  as  the 
calibrated  model  excluding  the  tested  parameter.  The  models  were  run  for  a  lO-y^ 
period  so  the  effects  could  be  seen  when  plume  expansion  was  at  a  maximum.  Model 
output  data  from  the  sensitivity  analysis  are  presented  in  Appendix  C. 
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The  results  of  the  sensitivity  analysis  suggest  that  the  calibrat^  inodel  is  most 
sensitive  to  hydraulic  conductivity,  effective  porosity,  and  longitudinal  dispersivity. 
Increasing  hydraulic  conductivity  and  dispersivity  increases  the  distance  of  plume 
migration,  while  decreasing  these  variables  decreases  the  distance  of  plume  migration. 
Conversely,  increasing  the  effective  porosity  decreases  the  ‘^/stance  of  plume  rmgration. 
The  increase  in  the  organic  carbon  content  had  only  a  minor  eff^t  on  Ae  m^eled 
BTEX  plume.  However,  a  factor  of  10  increase  in  site  TOC  levels  is  not  sigmficM 
because  of  the  very  low  TOC  concentrations  present.  The  hydrauhc  conductivity, 
dispersivity,  and  effective  porosity  values  used  in  the  models  are  valid  b^use  they  are 
siiSar  to  documented  accepted  values.  The  sensitivity  results  suggest  the  valu^  u^ 
in  the  model  are  appropriate  because  they  quantify  the  uncertainty  m  the  calibrated 
models  caused  by  uncertainty  in  the  estimates  of  aquifer  parameters. 

5.6  CONCLUSIONS  AND  DISCUSSION 

The  three  calibrated  models  were  used  to  predict  the  fate  and  transmit  of  the 
dissolved  BTEX  plume  with  and  without  source  remediation  through  bioventing. 
Model-Decay  1  %  was  calibrated  using  observed  BTEX  concentrations  in  1989  and  then 
used  to  simulate  the  effects  of  bioventing  by  increasing  the  annual  sour^  decay  to  rates 
of  5  and  50  percent  per  year.  Model-Decay  8%  and  Model-D^y  10%  assum^  Aa 
the  conditions  that  produced  the  calibrated  model  would  remain 
duration  of  the  simulation.  Model-Decay  8%,  assumed  that  fr^  produc  BTEX  levels 
were  present  in  1965  and  degraded  to  1995  observed  levels.  This  model  also  was  run 
with  a  50  percent  annual  source  decay  rate  to  simulate  bioventing;  however,  results 
were  virtually  identical  to  the  results  of  Model-Decay  1%  under  the  same  scenano. 
Model-Decay  10%  was  calibrated  based  on  1993  and  1995  concentrations  ^d 
conservatively  uses  a  solute  decay  rate  that  assumes  the  absence  of  any  aerobic 
biodegradation.  Consequently,  this  model  provides  a  “worst-case”  scenano  for  plume 
migration  distances. 

The  results  of  analytical  model  scenarios  for  FT-03  at  Westover  ARB  sug^  *at 
the  dissolved  BTEX  plume  front  is  not  likely  to  migrate  more  than  1.0^ 
downgradient  from  the  source  area,  and  at  the  current  distance  of  approximately  5W 
feet  downgradient  from  the  source  area,  the  plume  may  already  have  r^cl^  its 
maximum  downgradient  extent.  An  estimated  maximum  travel  dis^ce  of  1,000  fe«t 
would  place  the  leading  edge  of  the  plume  within  the  state  park,  and  would  coyer  only 
half  of  the  distance  to  the  Chicopee  Reservoir.  Therefore,  the  models  suggest  that  it  is 
extremely  unlikely  that  the  plume  will  impact  either  the  Chicopee  Reservoir  or  any 
groundwater  pumping  wells  beyond  the  state  park. 

The  three  models  predict  that  the  5-ng/L  total  BTEX  isocontour  will  recede  to  Ae 
Base  boundary  within  55  to  80  years  without  the  assistance  of  engineered  remediation 
svstems  With  the  implementation  of  source  reduction  via  bioventing,  the  mcweis 
predict  that  the  5-pg/L  total  BTEX  isocontour  may  return  to  the  Base  boundary  within 

8  years. 

The  removal  of  BTEX  compounds  predicted  by  the  simulations  is  largely  a  function 
of  aerobic  and  anaerobic  biodegradation.  In  all  cases,  model  simulations  are 
conservative  for  several  reasons,  including  those  listed  below. 
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.  The  stoichiometry  used  to  determine  the  ratio  between  DO  and  tot^  BTEX 
assumed  that  no  microbial  cell  mass  was  produced  during  the  reaction.  As 
discussed  in  Section  4.3.2. 1,  this  approach  may  be  too  conservative  by  a  factor  of 
three. 

.  As  a  result  of  low  TOC  concentrations  in  the  aquifer  matrix,  the  coefficient  of 
retardation  was  calculated  to  be  1,  with  the  result  that  contaminants  were  modeled 
to  migrate  at  the  advective  groundwater  velocity.  Consequently,  this  provides  a 
worst-case  scenario  for  estimated  distances  of  contaminant  migration  fi'om  the 
source  area. 

.  The  solute  decay  constants  (0.0013  and  0.0034  day-1)  covering  both  aerobic  ^d 
anaerobic  processes  are  conservative  when  compared  to  literature  values  of  0.001 
to  0.185  day-1  (see  Section  5.3.5.3)  for  anaerobic  decay  alone.  The  use  of  a  low 
solute  decay  constant  increases  the  length  time  required  for  natural  attenuation 
processes  to  completely  attenuate  the  BTEX  contamination.  Consequentiy,  the 
dissolved  BTEX  contamination  is  capable  of  migrating  greater  distances 
downgradient  before  destruction. 

•  The  models  assume  a  uniform  contaminant  concentration  over  the  entire  aquifer 
thickness;  however,  observed  concentrations  were  collected  from  near  the  water 
table  where  the  highest  BTEX  concentrations  in  an  aquifer  frequently  are  found. 
Therefore,  the  modeled  contaminant  mass  may  be  considerably  higher  than  the 
actual  dissolved  contaminant  mass  at  the  site.  Consequently,  the  time  required 
for  natural  attenuation  processes  to  degrade  the  contamination  is  increased. 

.  All  three  models  have  been  calibrated  such  that  whenever  the  c^brated 
concentrations  do  not  match  observed  calibrations  at  a  given  location,  the 
calibrated  concentration  is  higher.  This  results  in  a  greater  modeled  mass  than 
estimated  from  observations.  Consequently,  the  time  required  for  natural 
attenuation  processes  to  degrade  the  contamination  is  increased. 

The  ranges  for  degradation  and  stabilization  of  the  BTEX  plumes  observed  in  the 
three  model  simulations  (and  variations)  are  feasible,  given  the  observed  BTEX 
concentrations,  the  conservative  assumptions  made  in  constructing  the  simulation,  and 
the  strong  geochemical  evidence  of  aerobic  and  anaerobic  biodegradation.  All  of  the 
models  were  calibrated  to  known  endpoints  in  a  continuum  of  known  past  contaminant 
levels. 

With  a  full-scale  bioventing  system  in  operation  at  the  site,  source  reduction  is 
occurring.  Consequently,  the  variations  of  Model-Decay  1  %  incorporating  5-  and  50- 
percent  rates  of  annual  source  reduction  after  May  1995  are  most  appropriate  for 
comparison  to  concentrations  observed  during  the  July  1996  sampling  event.  ^  The  50- 
percent  annual  source  reduction  scenario  is  the  more  optimistic  of  the  two  bioventing 
scenarios,  predicting  that  the  dissolved  BTEX  plume,  as  defined  by  the  5-p.g/L 
isopleth,  w:ill  retreat  to  the  Base  boundary  within  8  years.  The  July  1996  results 
suggest  that  the  plume  actually  returned  to  the  Base  boundary  in  less  than  14  months 
following  the  start-up  of  the  bioventing  system.  The  observed  concentrabon  of 
approximately  470  pg/L  of  total  dissolved  BTEX  in  the  source  area  was  predicted  to 
occur  at  approximately  21  months  by  the  50-percent  annual  source  reduction  scenario 


022/722450/WESTOVER/FIN  ALTS/5  .DOC 


5-13 


of  Model-Decay  1%.  Additional  long-term  monitoring  should  be  performed  to  confirm 
the  continuation  of  the  trends  observed  between  May  1995  and  July  1996. 

The  magnitude  of  plume  contraction  observed  over  14  months  sugg^ts  that  both  the 
amount  of  contaminant  mass  entering  the  system  and  the  biodegradation  rate  may  be 
higher  than  incorporated  into  the  50-percent  annual  source  reduction  scenario  of  Model- 
Decay  1%.  To  simulate  the  reduction  in  plume  extent  and  concentration  using  Model- 
Decay  1%  would  require  the  use  of  an  annual  source  reduction  of  approximately  25 
percent  and  a  biodegradation  rate  that  is  approximately  5  times  as  large  as  the  rate 
estiiiiEt6d  by  the  steady-state  method  of  Buscheck  and  Alcantar  (1995).^  The  25  percent 
source  reduction  rate  falls  in  the  5  to  50  percent  range  evaluated  for  bio  venting  impact 
on  groundwater;  however,  the  biodegradation  rate  is  higher  than  estimated  from 
observed  data  in  1995.  A  biodegradation  rate  this  high  may  be  appropriate  because  the 
steady-state  plume  method  predicts  overly  conservative  rates  if  the  plume  is  actually 
shrinking.  Furthermore,  the  rate  lies  within  the  range  of  literature  values  discussed  in 
Section  5.3.3.3.  The  shrinking  plume  method  (Buscheck  and  Alcant^,  1995)  predicts 
a  total  attenuation  rate  between  1995  and  1996  at  the  plume’s  leading  edge  of  more 
than  twice  the  calibrated  degradation  rate.  This  total  plume  attenuation  at  a  point  will 
be  lower  than  the  solute  degradation  rate  because  source  influx  is  a  component  only  of 
the  total  plume  attenuation  rate. 
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SECTION  6 

EVALUATION  OF  THE  REMEDIATION  ALTERNATIVE 


The  intent  of  this  treatability  study  is  to  determine  if  intrinsic  remediation  of 
groundwater  is  an  appropriate  remedial  technology  to  consider  when  developing  final 
remedial  strategies  for  the  Christmas  Tree  Fire  Training  Area  at  Westover  ARB.  The 
intrinsic  remediation  alternative  consists  of  three  components: 

•  Processes  of  natural  attenuation  to  remediate  the  groundwater  contamination  and 
attain  remedial  goals; 

•  Institutional  controls  to  prevent  exposure  to  contaminated  groundwater;  and 

•  LTM  to  assess  site  conditions  over  time,  confirm  the  effectiveness  of  natural 
attenuation  processes  at  reducing  contaminant  mass,  monitor  compliance  with 
regulatory  requirements,  and  evaluate  the  need  for  additional  remediation.  . 

Remedial  alternatives  are  assessed  on  the  basis  of  long-term  effectiveness, 
implementability,  and  cost.  By  definition,  natural  attenuation  is  the  least  expensive 
remedial  option.  The  only  costs  associated  with  the  intrinsic  remediation  alternative 
arise  from  LTM  and  institutional  controls.  Both  are  inexpensive  and  necess^ 
components  of  most  remedial  alternatives.  The  occurrence  of  natural  attenuation 
processes  to  remediate  groundwater  at  FT-03  is  demonstrated  in  Section  4.  In  Section 
5,  conservative  models  suggest  that  these  processes,  in  conjunction  with  ongoing 
bioventing  of  source  area  soils,  are  sufficient  to  limit  contaminant  migration  and  protect 
downgradient  receptors.  The  remainder  of  this  section  is  devoted  to  evaluation  of  the 
future  effectiveness  of  the  intrinsic  remediation  alternative  through  attainment  of 
remedial  goals  as  measured  in  a  long-term  groundwater  monitoring  program. 

6.1  REMEDIAL  SYSTEM  FOR  SOILS 

To  promote  aerobic  degradation  of  fuel  hydrocarbon  contamination  in  shallow  soils, 
a  full-scale  bioventing  system  was  installed  at  the  Christmas  Tree  Fire  Training  Area  in 
May  1995.  Location  of  site  vent  wells  and  soil  gas  monitoring  points  are  presented  on 
Figure  6.1.  Figure  6.1  also  includes  the  proposed  new  locations  for  vent  wells  VW-1 
and  VW-2  which  will  expand  the  bioventing  area  of  influence  on  the  east  side  of  the 
dissolved  BTEX  plume. 

Bioventing  operations  at  the  Christmas  Tree  Fire  Training  Area,  have  not  only 
increased  aerobic  biodegradation  processes  in  the  soil,  but  also  have  substantially 
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reduced  the  amount  of  contaminant  mass  available  to  desorb  from  contaminated  soils 
into  groundwater.  In  addition,  outside  the  source  area  and  where  little  to  no  smear 
zone  is  present,  the  addition  of  oxygen  to  the  soil  may  be  promoting  oxygen  diffusion 
into  the  groundwater,  effectively  changing  the  natural  attenuation  processes  from 
anaerobic  to  aerobic.  Aerobic  biodegradation  of  hydrocarbons  is  faster  than  all 
anaerobic  natural  attenuation  processes.  The  increase  in  degradation  rate  resulting  from 
a  change  from  anaerobic  to  aerobic  degradation  mechanisms  can  easily  explain  the 
sudden,  rapid  decrease  in  dissolved  BTEX  contamination  over  one  yejtf.  Since  May 
1995,  bioventing  operations  have  helped  to  decrease  the  size  of  the  dissolved  BTEX 
plume  from  5.7  acres  to  2/3  of  an  acre  and  have  contributed  to  a  97-percent  reduction 
in  total  dissolved  BTEX  mass  throughout  the  plume  (Figure  4.2). 

The  effect  of  bioventing  on  the  dissolved  concentrations  of  chlorinated  solvents  in 
groundwater  is  unclear.  The  two  most  likely  reactions  are  both  indirect  and  opposite  in 
effect;  therefore,  the  net  effect  is  difficult  to  predict.  The  destruction  of  fuel 
hydrocarbons  in  source  soils  will  result  in  a  decrease  in  the  mass  of  fuel  hydrocarbons 
dissolving  into  the  groundwater.  Ultimately,  this  may  lead  to  an  insufficient  supply  of 
electron  donors  in  the  groundwater  to  continue  to  support  the  highly  reducing 
conditions  required  for  reductive  dechlorination.  On  the  positive  side,  bioventing  also 
may  result  in  the  reduction  of  chlorinated  solvent  concentrations  in  source  soils.  In  this 
case  the  chlorinated  solvents  may  be  destroyed  through  cometabolic  processes,  but 
more  likely  the  chlorinated  solvents  would  be  stripped  from  source  area  soils  by  the 
movement  of  soil  gas  induced  by  the  bioventing  system.  The  elimination  of  chlorinated 
solvents  from  source  area  soils  would  result  in  a  decrease  in  the  mass  of  chlorinated 
solvents  dissolving  into  the  groundwater. 

Operation  of  the  bioventing  system  is  unlikely  to  have  a  significant  impact  on 
dissolved  oxygen  concentrations  within  the  area  where  reductive  dechlorination  is 
currently  occurring.  Outside  the  source  area  and  where  little  to  no  smear  zone  is 
present,  bioventing  may  promote  oxygen  diffusion  into  the  groundwater;  however, 
these  areas  are  beyond  the  zone  where  reductive  dechlorination  appears  to  occur. 
Dissolved  oxygen  downgradient  from  the  zone  of  reductive  dechlorination  can  be 
positive  because  of  the  resulting  aerobic  degradation  of  the  less  chlorinated  solvents 
(i.e.,  dichloroethenes  and  vinyl  chloride).  In  the  source  area  or  where  a  significant 
smear  zone  is  present,  any  oxygen  diffusing  into  the  groundwater  would  be  utilized  by 
fuel  hydrocarbon  degradation  within  inches  of  the  groundwater  surface. 

6.2  REMEDIAL  GOALS  FOR  GROUNDWATER 

The  intrinsic  remediation  strategy  assumes  that  compliance  with  promulgated, 
single-point  remediation  goals  is  not  necessary  if  site-related  contamination  does  not 
pose  a  threat  to  human  health  or  the  environment  (i.e.,  the  exposure  pathway  is 
incomplete).  Therefore,  a  POC  for  remedial  goals  is  chosen  at  a  location  between  the 
contaminant  source  and  potential  receptor  exposure  points.  Results  of  the  conservative 
analytical  models  suggest  that  BTEX  concentrations  in  excess  of  5  jig/L  are  not  likely 
to  migrate  more  than  475  to  950  feet  downgradient  from  the  source  area.  Therefore, 
an  area  approximately  1,000  feet  downgradient  from  monitoring  well  TF-2A,  has  been 
identified  as  the  POC  for  groundwater  remedial  activities  because  this  appears  to  be 
beyond  the  maximum  extent  of  future  contaminant  migration.  This  is  a  suitable 
location  for  monitoring  and  for  demonstrating  compliance  with  protective  groundwater 
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quality  standards,  such  as  promulgated  groundwater  maximum  contaminant  levels 
^CLs).  There  are  no  known  potable  water  wells  located  within  at  least  1  mile 
downgradient  from  site  FT-03.  The  POC  location  is  approximately  1,000  feet 
upgradient  from  Chicopee  Reservoir.  Given  an  estimated  advective  groundwater 
velocity  of  66  ft/yr  and  a  retardation  coefficient  of  1,  the  travel  time  from  the  POC  to 
Chicopee  Reservoir  is  approximately  15  years. 

Available  data  suggest  that  exposure  pathways  involving  shallow  groundwater  do  not 
exist  under  current  conditions;  however,  a  pathway  could  be  completed  in  the  future  if 
shallow  groundwater  within  approximately  1 ,000  feet  downgradient  of  monitoring  well 
TF-2A  is  used  as  a  potable  or  industrial  water  supply.  Because  promulgated,  single¬ 
point  remediation  goals  are  not  in  effect  in  the  area  of  intrinsic  remediation, 
institutional  controls  must  be  placed  on  groundwater  use  within  the  remediation  zone  to 
prevent  completion  of  potenti^  future  pathways.  The  institutional  controls  must  remain 
in  effect  until  it  can  be  demonstrated  that  the  potential  for  pathway  completion  no 
longer  exists.  By  this  mechanism,  the  magnitude  of  required  remediation  in  areas  that 
can  and  will  be  placed  under  institutional  control  is  different  from  the  remediation  that 
is  required  in  areas  that  may  be  available  for  unrestricted  use. 

The  primary  remedial  objective  for  shallow  groundwater  within  and  downgradient 
from  FT-03  is  limiting  plume  expansion  to  prevent  exposure  of  downgradient  receptors 
to  concentrations  of  BTEX  or  chlorinated  solvents  in  groundwater  at  levels  that  exceed 
regulatory  standards.  The  remedial  objective  for  shallow  groundwater  at  the  POC  is 
attainment  of  State  of  Massachusetts  groundwater  standards  and  federal  MCLs  listed  in 
Table  6. 1  for  each  of  the  BTEX  and  detected  chlorinated  solvent  compounds. 
Although  it  is  unlikely  that  groundwater  would  be  ingested  by  humans,  this  level  of 
long-term  protection  is  appropriate.  Because  the  depths  to  the  water  table  are  greater 
than  40  feet  bgs,  there  are  no  completed  pathways  to  ecological  receptors  (e.g.,  plants 
with  root  systems  extending  to  the  water  table). 

TABLE  6.1 

POINT-OF-COMPLIANCE  REMEDIATION  GOALS 
Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 


Westover  ARB,  Massachusetts 


Compound 

Massachusetts  Groundwater 
Standard  (pg/L) 

Federal  MCL  (pg/L) 

Benzene 

5 

5 

Toluene 

1,000 

1,000 

Ethylbenzene 

700 

700 

Toti  Xylenes 

10,000 

10,000 

TCE 

5 

5 

PCE 

200 

200 

cis-l,2-DCE 

70 

70 

trans-l,2-DCE 

100 

100 

Vinyl  Chloride 

2 

2 
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6.3  LONG-TERM  GROUNDWATER  MONITORING 


As  part  of  the  intrinsic  remediation  alternative  for  FT-03,  a  long-term  groundwater 
monitoring  plan  will  be  developed  on  the  basis  of  1995  groundwater  sampling  results 
and  the  analytical  models.  This  LTM  plan  identifies  the  location  of  two  separate 
groundwater  monitoring  networks  and  develops  a  groundwater  sampling  and  analysis 
strategy  to  demonstrate  the  effectiveness  of  intrinsic  remediation.  The  strategy 
described  in  this  section  is  designed  to  monitor  plume  migration  over  time  and  to  verify 
that  intrinsic  remediation  is  occurring  at  rates  sufficient  to  protect  potential  receptors. 
Prior  to  implementation  of  the  plan,  any  interim  groundwater  results  should  be 
evaluated  to  refine  the  placement  of  any  additional  groundwater  monitoring  wells,  if 
needed.  In  the  event  that  data  collected  under  the  LTM  program  indicate  that  natural 
processes  are  insufficient  to  protect  human  health  and  the  environment,  contingency 
controls  to  augment  the  beneficial  effects  of  intrinsic  remediation  would  be  necessary. 

Two  separate  sets  of  wells  will  be  utilized  at  the  site  as  part  of  the  intrinsic 
remediation  with  LTM  remedial  alternative.  The  first  set  will  consist  of  five  LTM 
wells  located  in,  upgradient,  and  downgradient  from  the  observed  contaminant  plume 
to  verify  model  predictions  that  natural  attenuation  is  occurring  at  rates  sufficient  to 
minimize  plume  expansion  and  reduce  BTEX  concentrations.  This  network  of  wells 
will  consist  of  five  monitoring  wells  screened  within  the  shallow  aquifer  to  provide 
short-term  confirmation  of  the  effectiveness  of  intrinsic  remediation.  An  optional 
sentry  well  is  also  proposed  in  the  LTM  monitoring  network.  The  second  set  of  wells 
will  consist  of  three  shallow  POC  wells  located  along  a  line  perpendicular  to  the 
general  direction  of  groundwater  flow,  approximately  1,000  feet  south-southwest  of 
monitoring  well  TF-2A.  The  purpose  of  the  POC  wells  is  to  verify  that  no  BTEX  and 
chlorinated  solvent  concentrations  exceeding  state  groundwater  criteria  migrate  beyond 
the  area  under  institutional  control.  Available  data  indicate  that  groundwater  VOC 
concentrations  are  below  current  state  and  federal  groundwater  BTEX  standards  except 
in  the  vicinity  of  monitoring  well  TF-2A.  Therefore,  future  contaminant 
concentrations  are  expected  to  remain  below  state  and  federal  standards,  as  the  models 
predict  decreases  in  future  contaminant  concentrations.  Furthermore,  source  reduction 
by  the  operational  bioventing  system  should  help  reduce  future  contaminant 
concentrations  in  groundwater.  The  LTM  and  POC  wells  will  be  sampled  and  analyzed 
of  the  parameters  listed  in  Tables  6.2  and  6.3,  respectively. 

6.3.1  Long-Term  Monitoring  Wells 

At  five  locations,  groundwater  wells  within,  upgradient,  and  downgradient  from  the 
current  BTEX  and  chlorinated  solvent  plume  will  be  used  to  monitor  the  effectiveness 
of  intrinsic  remediation  in  reducing  total  contaminant  mass  and  minimizing  contaminant 
migration  at  FT-03.  Groundwater  conditions  upgradient  from  the  plume  will  be 
monitored  at  well  TF-IA.  Wells  TF-2A  and  TF-5  will  be  used  to  monitor  conditions 
in  the  source  area  and  within  the  anaerobic  treatment  zone.  Well  TF-8  is  proposed  for 
monitoring  the  aerobic  treatment  zone  near  the  downgradient  plume  boundary.  A  new 
monitoring  well  is  proposed  to  monitor  immediately  downgradient  from  the  plume. 
This  well  will  be  screened  across  the  water  table  in  order  to  intercept  the  hydrogeologic 
unit  that  contains  the  contaminant  plume.  Figure  6.2  identifies  the  proposed  locations 
of  the  wells  to  be  used  for  LTM.  This  network  will  supplement  the  POC  wells  to 
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a/  Protocol  methods  are  presented  by  Wiedemeier  et  al.  (1995). 
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TABLE  6.3  (Concluded) 

POINT-OF-COMPLIANCE  MONITORING  ANALYTICAL  PROTOCOL 

Christmas  Tree  Fire  Training  Area 
Intrinsic  Remediation  TS 
Westover  ARB,  Massachusetts 
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provide  evidence  of  continuing  intrinsic  remediation  and  to  allow  additional  response 
time  if  site  conditions  deteriorate. 

6.3.2  Point-of-CompIiance  Wells 

Three  POC  monitoring  wells  are  proposed  for  installation  approximately  1,000  feet 
south-southwest  from  monitoring  well  TF-2A  on  state  park  property.  Figure  6.2  shows 
the  proposed  locations  of  the  POC  wells.  The  purpose  of  the  POC  wells  is  to  venfy 
that  no  contaminated  groundwater  exceeding  regulatory  criteria  migrates  beyond  these 
locations.  Although  available  evidence  strongly  suggests  that  the  contamin^t  plume 
will  not  migrate  beyond  this  area  at  concentrations  exceeding  chemical-specific  federal 
MCLs  or  state  groundwater  standards,  these  POC  wells  are  the  technical  mechanisms 
used  to  demonstrate  protection  of  human  health  and  the  environment  and  comphance 
with  regulatory  criteria.  These  wells  will  be  installed  and  monitored  for  the^  parameters 
listed  in  Table  6.3  to  assure  that  intrinsic  remediation  is  providing  the  anticipated  level 
of  risk  reduction  and  remediation  at  the  site. 

As  with  the  LTM  wells,  the  POC  wells  will  be  screened  in  the  same  hydrogeologic 
unit  as  the  contaminant  plume.  Data  presented  in  this  report  concerning  the  nature  and 
extent  of  contamination  at  the  site  suggest  that  a  10-foot  screen  with  approximately  8 
feet  of  screen  below  the  groundwater  surface  will  be  sufficient  to  intercept  the 
contaminant  plume  at  this  site. 

6.3.3  Sentry  Well 

An  optional  sentry  well  is  proposed  for  installation  adjacent  to  the  furthest 
downgradient  LTM  well,  located  approximately  600  feet  south  of  well  TF-2A.  Figure 
6. 1  shows  the  proposed  location  of  the  sentry  well.  The  purpose  of  the  sentty  well  is 
to  verify  that  contaminated  groundwater  is  not  migrating  vertically  as  it  travels 
downgradient  from  the  source.  This  well  would  be  monitored  for  the  parameters  hsted 
in  Table  6.3. 

Unlike  the  LTM  and  POC  wells,  the  sentry  well  will  not  be  screened  in  the  same 
portion  of  the  hydrogeologic  unit  as  the  contaminant  plume.  Data  presented  in  this 
report  suggest  BTEX  contamination  not  related  to  FT-03  is  present  in  the  deeper  zones 
of  the  shallow  aquifer.  Therefore,  the  optional  sentry  well  would  have  a  10-foot  screen 
placed  approximately  30  to  40  feet  below  the  water  table. 

6.4  GROUNDWATER  SAMPLING 

To  ensure  that  sufficient  contaminant  removal  is  occurring  at  FT-03  to  meet  site- 
specific  remediation  goals,  the  long-term  groundwater  monitoring  plan  includes  a 
comprehensive  sampling  and  analysis  plan.  Groundwater  samples  will  be  coll^tw 
annually  from  LTM  wells  to  verify  that  naturally  purring  processes  are  effecti^y 
reducing  the  mass  and  mobility  of  BTEX  and  chlorinated  solvent  contamination.  The 
sampling  and  analysis  plan  also  is  aimed  at  confirming  that  intrinsic  remediation  can 
achieve  site-specific  remediation  concentration  goals  for  B’TOX  and  chlorinated  solv^ 
compounds  that  are  protective  of  human  health  and  the  environment.  In  the  May  1995 
sampling  event,  concentrations  equaled  or  exceeded  regulatory  criteria  at  only  four 
locations:  benzene  above  5  [ig/L  was  measured  at  TF-1,  TF-2,  and  TF-2A;  and  TCE 
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was  measured  at  7.5  fxg/L  from  TF-14.  In  the  July  1996  sampling  event,  contaminant 
levels  suggested  regulatory  standards  had  been  achieved. 

6.4.1  Sampling  Frequency 

Each  of  the  LTM  and  POC  wells  should  initially  be  sampled  annually  for  10  years. 
If  the  data  collected  during  this  time  period  support  the  anticipated  effectiveness  of  the 
intrinsic  remediation  alternative  at  this  site,  the  sampling  frequency  could  be  r^uced, 
or  sampling  could  be  eliminated.  If  the  data  collected  at  any  time  during  the 
monitoring  period  indicate  the  need  for  additional  remedial  activities  at  the  site,  the 
sampling  frequency  should  be  adjusted  accordingly.  Likewise,  if  the  data  indicate  that 
the  dissolved  plume  has  been  remediated  to  below  5  /tg/L  of  total  BTEX  or  CAH 
throughout  its  entire  areal  extent,  LTM  could  be  discontinued. 

6.4.2  Analytical  Protocol 

All  LTM,  and  POC  wells  in  the  LTM  program  will  be  sampled  and  analyzed  to 
determine  compliance  with  chemical-specific  remediation  goals  and  to  verify  the 
effectiveness  of  intrinsic  remediation  at  the  site.  At  the  beginning  of  each  annual 
sampling  event,  water  levels  will  be  measured  at  all  site  monitoring  wells. 
Groundwater  samples  will  be  analyzed  for  the  parameters  listed  in  Tables  6.2  and  6.3. 
A  site-specific  groundwater  sampling  and  analysis  plan  should  be  prepared  prior  to 
initiating  this  LTM  program. 
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SECTION  7 

CONCLUSIONS  AND  RECOMMENDATIONS 


This  report  presents  the  results  of  a  TS  conducted  to  evaluate  the  use  of  intrinac 
remediation  for  remediation  of  fiiel-hydrocaibon-contaminated  groundwater  m  me 
vicinity  of  site  FT-03  at  Westover  ARB,  Massachusetts.  Site-specific  geologic, 
hydrologic,  and  laboratory  analytical  data  were  used  to  evaluate  the  occurrence  and 
rates  of  natural  attenuation  of  BTEX  compounds  dissolved  in  groundwater.  To  perform 
the  intrinsic  remediation  demonstration,  Parsons  ES  researchers  collected  and  ^alyzed 
groundwater  samples  from  the  site  and  utilized  data  collected  during  previous  site 
characterization  events. 

Two  lines  of  evidence  were  used  to  document  the  occurrence  of  intrinsic  remediation 
at  FT-03:  The  documented  loss  of  contaminant  mass  at  the  field  scale  and  geochemicm 
evidence  A  review  of  groundwater  sampling  data  obtained  from  1989  through  1996 
indicates  that  the  dissolved  BTEX  concentrations  have  significantly  decreased. 
Furthermore,  rates  of  biodegradation  were  estimated  from  flow  path  analyses  using 
conservative  tracers  and  the  methods  of  Buscheck  and  Alcantar  (1995).  Companson  of 
BTEX  chlorinated  solvent,  electron  acceptor,  and  biodegradation  byproduct  isopleth 
maps  for  both  May  1995  and  July  1996  sampling  events  at  lFT-03  (Section  4^rovides 
strong  qualitative  geochemical  evidence  of  biodegradation  of  both  BTEX  ^d 
chlorinated  solvent  compounds.  Geochemical  data  strongly  suggest  that  biodegradation 
of  fuel  hydrocarbons  is  occurring  at  the  site  via  aerobic  respiration  and  the  anaerobic 
processes  of  denitrification,  iron  reduction,  sulfate  reduction,  and  methanogenesis.  In 
addition,  the  ratio  of  TCE  to  the  daughter  product  cis-l,2-DCE  suggeste  that 
chlorinated  solvents  in  the  groundwater  are  being  degraded  through  reductive 
dechlorination.  Furthermore,  the  significant  decrease  in  both  dissolved  fuel 
hydrocarbon  and  chlorinated  solvent  concentrations  suggest  that  bioventing  operations 
at  FT-03  have  had  only  a  positive  effect  on  groundwater  remediation.  Since  May 
1995,  bioventing  operations,  in  conjunction  with  natural  attenuation  processes,  have 
helped  to  decrease  the  size  of  the  dissolved  BTEX  plume  from  5.7  acres  to  2/3  of  an 
acre  and  to  reduce  the  concentration  of  BTEX  compounds  in  the  groundwater 
throughout  the  site  an  average  of  97  percent. 

Site-specific  geologic,  hydrologic,  and  laboratory  analytical  data  (collected  in  May 
1995)  were  used  in  three  conservative  analytical  models  to  simulate  the  effects  of 
dispersion  and  biodegradation  on  the  fate  and  transport  of  the  dissolved  BTEX  plume. 
Historical  and  current  site-specific  data  were  used  for  model  cdibration  Md 
implementation.  Model  parameters  that  could  not  be  obtained  from  existing  site  data 
were  estimated  using  widely  accepted  literature  values  for  soils  similar  to  those  found  at 
the  site.  Conservative  aquifer  parameters  were  used  to  construct  the  analytical  models 


022/722450AVESTOVER/FINALTS/7.DOC 


7-1 


for  this  study,  and  therefore,  the  model  results  presented  herein  represent  worst-case 
scenarios  given  the  other  modeling  assumptions  regarding  source  removal. 

Two  of  the  analytical  models  suggested  a  continued  expansion  of  the  BTEX  plume 
over  the  next  10  years.  However,  throughout  all  three  of  the  model  simulations,  source 
area  concentrations  continued  to  decrease.  At  year  50,  all  of  the  models  suggest^ 
significant  decreases  in  the  source  concentration  and  plume  extent.  The  models 
assumed  different  source  and  solute  decay  rates  to  model  the  long-term  effects  of 
bioventing  and  changes  in  the  groundwater  geochemistry.  Implementation  of 
bioventing  soil  remediation  systems  have  been  accompanied  by  source  d^y  rates 
averaging  over  90  percent  per  year  in  vadose  zone  soils  at  other  Air  Force  sites.  The 
analytical  models  suggested  a  significant  decrease  in  dissolved  BTEX  concentrations 
and  a  rapid  retreat  of  the  BTEX  plume  when  source  decay  rates  were  model^  at  50 
percent  per  year.  July  1996  sampling  results  support  the  analytical  model  prediction  of 
significant  reduction  in  dissolved  BTEX  concentrations  with  the  implementation  of 
bioventing  at  FT-03  (Section  4). 

The  results  of  this  study  suggest  that  natural  attenuation  of  BTEX  and  chlomated 
solvent  compounds  is  occurring  at  FT-03.  In  May  1995,  with  the  exception  of 
monitoring  well  TF-2A,  dissolved  groundwater  BTEX  concentrations  were  below  the 
state  and  federal  regulatory  guidelines.  TCE  was  detected  at  a  concentration  above  the 
federal  groundwater  standard  at  monitoring  well  TF-14.  However,  the  remaining 
chlorinated  solvents  at  the  site  are  currently  below  regulatory  guidelines,  or  have  not 
been  detected.  In  July  1996,  all  detected  BTEX  and  chlorinated  solvent  concentrations 
were  below  both  the  state  and  federal  regulatory  guidelines.  The  estimated  rates  of 
biodegradation,  when  coupled  with  sorption,  dispersion,  and  dilution,  should  be 
sufficient  to  maintain  dissolved  BTEX  and  chlorinated  solvent  concentrations  at  levels 
below  current  regulatory  guidelines.  Given  the  observed  retreat  of  the  dissolved  BT]^ 
and  chlorinated  solvent  plumes,  intrinsic  remediation  and  LTM  is  a  viable  remedial 
option  for  BTEX-impacted  groundwater  at  the  site. 

To  continue  to  verify  the  results  of  the  analytical  modeling  effort,  ^d  to  ensure  that 
natural  attenuation  is  occurring  at  rates  sufficient  to  protect  potential  downgradient 
receptors,  a  LTM  plan  was  developed  on  the  basis  of  the  1995  groundwater  results  and 
analytical  models.  The  plan  includes  sampling  and  analyzing  groundwater  from  five 
LTM  wells  for  the  parameters  listed  in  Table  6.2.  In  addition,  the  plan  recommends 
that  three  POC  groundwater  monitoring  wells  be  installed  downgradient  from  the 
predicted  maximum  travel  distance  of  the  BTEX  plume  and  sampl^  for  the  parameters 
listed  in  Table  6.3.  An  optional  sentry  well  could  be  installed  in  a  cluster  with  the 
farthest  downgradient  LTM  well  and  sampled  as  a  POC  well.  Figure  6.2  shows 
suggested  locations  for  the  POC,  LTM,  and  sentry  monitoring  wells.  Annual 
monitoring  was  recommended  for  a  duration  of  10  years.  At  that  time,  sampling  could 
cease,  decrease  in  frequency,  or  continue  annually  as  dictated  by  the  analytical  results. 
On  the  basis  of  1996  groundwater  sampling  results,  it  may  be  possible  to  reduce  the 
number  of  wells  included  in  the  LTM  plan  as  well  as  the  duration  of  annual 
monitoring.  If  dissolved  BTEX  or  chlorinated  solvent  concentrations  in  groundwater 
collected  from  the  sentry  or  POC  wells  exceed  regulatory  criteria,  additional  evaluation 
or  corrective  action  may  be  necessary  at  this  site. 
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vironmental  subsurface 

PRODUCTS  &  SERVICES,  INC. 


Hole  No.:.  Tf-lZ 
Sheet  ‘  1  OF  2 


Date  Started: 
Date  Finished: 


5/15/95 

5/15/95 


aient:  WAFB 

Location:  •Chrlsmas  Tree  Area" 


Project  No.:  629M0414 
Prpi  Mgn  T.  Keefe 
Geoloqist  T.  Keefe 


Sample 


Method  of  Investigation:  Advance  a  4.25  ID  HSA  collecting  split  spoon  samples  at  the  surface 
and  every  5  feet.  Interface  sample  retained  for  laboratory  analysis.  2“  mo'rtoring  well  installed. 


Drilling  Co.:  Seaboard  Environmental 
Driller:  Frank  Harringtoa  Rob  Ingram 

Drill  Ria:  Mobile  B-53 


Sample 

Description 


Brown  LOAM,  and  light  tan  coarse 
SAND. 


Light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


.|  5  I  Light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


.|  5  I  light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


1 5  I  light  tan  coarse  SAND,  and  some 

medium  GRAVEL. 


light  tan  and  reddish  coarse  SAND, 
and  some  medium  GRAVEL. 


Sample  Types:  S  =  Split  Spoon  T  =  Shelby  Tube 

R=:RockCofe  0  =  0then 


Weather: 

Rain  50*s 

Well 

Details 

Groundwater 
and  Other 
Observations 

steel  casing  to  3  ft 
above  grade 
cement  to  2  ft 


native  fill  to  31  ft 


2  in  solid  PVC  nser 


Native  Fill 
Bentonite 


nvironmental  subsurface 

PRODUCTS  &  SERVICES,  INC. 


Hole.  No.:  TF- 12- 
Sheet  '  2  OF  2 


Date  Started:  5/15/95 

Date  Finished:  5/15/95 


aient:  WAFB 


Method  of  Investigation:  Advance  a  4.25  ID  HSA  collecting  split  spoon  samples  at  the  surface 


Location*  *Chrlsmas  Tree  Area"  every  5  feet.  Interface  sample  retained  for  laboratory  analysis.  2“  moitqring  well  installed. 


Project  No.:  629M0414 
PrpI  Mgr.  T.  Keefe 
Geologist  T.  Keefe 


Sample 


Blows 

/6" 

"N" 

3.7 

17 

10.7 

S8  35>37  6.11  24  1.S 

13.17  _ 


S9  40-42  6.10  20  1.5 

10,13  _ 


I  SIOl  45-47  I  1  I  1  I  0.0 


Drilling  Co.:  Seaboard  Environmental 
Driller;  Frank  Harringtoa  Rob  Ingram 
Drill  Ria:  Mobile  B-53 


Sample 

Description 

light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


Light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


Light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


Light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


Sample  Types:  S  =  Spot  Spoon  T  =  Shelby  Tube 

R  =  Rock  Core  O  =  Other 


Weather: 

Rain  50*s 

Weil 

Details 

Groundwater 
and  Other 
Observations 

native  fill 
2  ft  of  bentonite 


sand  pack  to  33  ft 


water  table  at  39  ft 


2  in  0.010  slot  PVC 
well  screen 
point  set  at  45  ft 


Native  Rll 
Bentonite 


nvironmental  subsurface 


Hole  No.- 


PRODUCTS  &  SERVICES.  INC. 


Cfient:  WAFB 

LcXDation:  *ChrIsmas  Tree  Area" 


Project  No.:  629M0414 
Prpj  Mgr  T.  Keefe 
Geoloaist  T.  Keefe 


Sample 


Sheet 


1  OF2 


Date  Started:  5/15/95 

Date  Finished:  5/15/95 


Method  of  Investigation:  Advance  a  425  ID  HSA  collecting  split  spoon  samples  at  the  surface 
and  every  5  feet.  Interface  sample  retained  for  laboratory  analysis.  2"  moitoring  well  installed. 


3.5  10 


S2  I  5-7  I  8.2  I  27 1  1.5 


S3  I  10-12  I  8.8  I  16 1  1.5 


S4  I  15-17  I  3.5  I  10 1 


6.8  I  20  I 


8.10  I  22 1 


Drilling  Co.:  Seaboard  Environmental 
Driller  Dove  Pitcher.  Robert  Carlisle 

Drill  Ria:  MobHe  B-53  _ _ 


Sample 

Description 


Brown  LOAM,  and  light  tan  coarse 
SAND. 


Light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


Light  tan  coarse  SAND,  and  some 
medium  GRAVEL.. 


Light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


Light  tan  and  gray  coarse  SAND, 
and  some  medium  GRAVEL. 


I  Weather: 


light  tan  and  gray  coarse  SAND,  and 
some  medium  GRAVEL. 


Sample  Types:  S  =  Split  Spoon  T  =  Shelby  Tube 

R  =  Rock  Core  0  =  Other 


Rain  50*s 


Groundwater 
and  Other 
Observations 


steel  casing  to  3  ft 
above  grade 
cement  to  2  ft 


native  fill  to  31  ft 


2  in  solid  PVC  riser 


Native  Rll 
Bentonite 


nvironmental  subsurface 

PRODUCTS  &  SERVICES.  INC. 


Hole  No.:  1 2 

Sheet  *  2  OF  2 


Date  Started:  5/16/95 

Date  Finished:  5/16/95 


aient:  WAFB 

Location:  ’Chrismas  Tree  Area" 


Project  No.:  629M0414 
Proj  Mgr  T.  Keefe 
Geoloaist  T.  Keefe 


Sample 


Method  of  Investigation:  Advance  a  4.25  ID  HSA  collecting  split  spoon  samples  at  the  surface 
and  every  5  feet.  Interface  sample  retained  for  laboratory  analysis.  2"  moitqring  well  installed. 


Blows 

/6- 

-N- 

10.11 

25 

14.20 

S8  35-37  12.16  34  1.5 

18,21  _ 


S9  40-42  10.12  31  1.5 

_ 19.18  _ 


S10  4S-47  8.9  23  2.0 

14.15  _ 


Drilling  Co.:  Seaboard  Environmental 
Driller  Dove  Pitcher,  Robert  Carlisle 

Drill  Ria:  Mobile  B-63  _ _ 


Sample 

Description 


Light  tan  and  gray  coarse  SAND,  and 
some  medium  GRAVEL. 


Weather: 


Well 

Details 


Light  tan  and  gray  coarse  SAND,  and 
some  medium  GRAVEL. 


Light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


Sample  Types:  S  =  Split  Spoon  T  =  Sheiby  Tube 

Rr:  Rock  Core  0  =  Other 


Rain  50*s 


Groundwater 
and  Other 
Observations 


native  fill 
2  ft  of  bentonite 


sand  pack  to  33  ft 


water  table  at  40  ft 


2  in  0.010  slot  PVC 
well  screen 
point  set  at  45  ft 


Native  Fill 
Bentonite 


nvironmental  subsurface 


PRODUCTS  &  SERVICES.  INC. 


Qient:  WAFB 

Location:  *Chrismas  Tree  Area* 


Project  No.:  629M0414 
ProJ  Mgr:  T.  Keefe 

Geologist  T.  Keefe 


Hole  No.;  TF'/'f 
Sheet  ■  1  OF2 


Date  Started: 


5/16/95 


Date  Finished:  5/15/95 


Method  of  Investigation:  Advance  a  4,25  ID  HSA  collecting  split  spoon  samples  at  the  surface 
and  every  5  feet.  Interface  sample  retained  for  laboratory  analysis.  2"  moitqring  well  installed. 


Drilling  Co.:  Seaboard  Envlrorunental 
Driller:  Dave  Pitcher.  Robert  Cariisle 

Drill  Ria:  Mobile  B-63 


IWeather: 


Rain  50*s 


Groundwater 
and  Other 
Observations 


steel  casing  to  3  ft 
above  grade 
cement  to  2  ft 


native  fill  to  31  ft 


2  in  solid  PVC  riser 


Native  Fill 
Bentonite 


nvironmental  subsurface  HoieNo.:.  tF'/V 

PRODUCTS  &  SERVICES,  INC.  Sheet  '  2  OF  2 


Date  Started:  5/16/95 


CliGnt'  WAFB  I  ' — . . — ^ - -  —  .  . 

Locdlion-  •Chrismas  Tree  Area"  ®  ^®®''  sample  retained  for  laboratory  analysis.  2’  moitpring  well  installed. 


Sheet  *  2  OF  2 _ |  Date  Finished:  5/15/95  _ 

Method  of  Investigation:  Advance  a  4.25  ID  HSA  collecting  split  spoon  samples  at  the  surface 


Project  No.:  629M0414 
Pro}  Mgr  T.  Keefe 
Geologist  T.  Keefe 


Sample 


Blows 

/6- 

-N- 

9.12 

28 

16.17 

S8  35>37  17.25  54  1.5 

_ 29.16  _ 


S9  40-42  6.14  35  1.S 

21.36  _ 


S10  45>47  10.12  20  2.0 

_  8.9  _ 


Drilllf^  Co.:  Seaboard  Environmental 
Driller  Dove  Pitcher  Robert  Carlisle 

Drill  Ria:  Mobile  B-53  _ 


Sample 

Description 


light  tan  ccxarse  SAND,  and  some 
medium  GRAVEL. 


Light  tan  and  gray  coarse  SAND,  and 
some  medium  GRAVEL. 


light  tan  coarse  SAND,  and  some 
SILT.. 


Gray  coarse  SAND, 


Sample  Types:  Ss=SpRt  Spoon  T  =  Shelby  Tube 
R  =  Rock  Core  O  =  Other 


Weather: 

Rain  50*s 

Well 

Details 

Groundwater 
and  Other 
Observations 

native  fill 
2  (t  of  bentonite 


sand  pack  to  33  ft 


water  table  at  40  ft 


2  in  0.010  slot  PVC 
well  screen 
point  set  at  45  ft 


Native  Fill 
Bentonite 


nvironmental  subsurface  HoieNo.:  tf-IF 

PRODUCTS  &  SERVICES,  INC.  Sheet  '  1  OF  2 _ 


Date  Started:  6/1 5/95 


PRODUCTS  &  SERVICES,  INC.  |  _ _  Sheet  *  1  OF  2 _ Date  Finished:  5/1 5/95  _ 

ri*  f*  \A/AFR  Method  of  Investigation:  Advance  a  4.25  ID  HSA  collecting  split  spoon  samples  at  the  surface 

aient:  WAhb  ^  ^  Interface  sample  retained  for  laboratory  analysis.  2"  moitoring  well  installed. 

Location:  *Chrismas  Tree  Area"  ^  _ 


Project  No.:  629M0414 
PfoJ  Mgr  T.  Keefe 
Geologist  T.  Keefe 

_ Sample 

Depth  Blows 

(ft.)  No.  Depth  (It.)  /6"  "N" 


Recoveiy 


Drilling  Co.:  Seaboard  Environmental 
Driller:  Frank  Harrlngtoa  Rob  Ingram 

Drill  Ria:  Mobile  B-53 _ 

Sample 

Description 

Brown  LOAM,  and  light  tan  coarse 
■  SAND. 


H-NU 

Reading 


Weather: 


Well 

Details 


Rain  50*s 


Groundwater 
and  Other 
Observations 

steel  casirtg  to  3  ft 

above  grade 

cement  to  2  ft 


S2  I  S>7  I  1.11  I  24  | 


Brown  LOAM  and  light  tan  coarse 
SAND,  and  some  medium  GRAVEL. 


S3  I  10-12  I  3.4  I  9  I  O.S_ 


Light  tan  coarse  SAND,  and  some 
medium  GRAVEL. 


S4  I  15-17  I  6.9  1 20 1  1.0 


Coarse  tan  SAND. 


S5  I  20^22  I  4.7  I  14 1  0.3_ 


Coarse  tan  SAND. 


S6  I  2S>27  I  6.7  I  14 1  1.S_ 


[light  tan  and  reddish  coarse  SAND. 


J  native  fill  to  36  ft 


12  in  solid  PVC  riser 


'sample  Types:  S=Sp«tSpoon  T=ShelbyTube 
R=RockCore  0  =  0mer 


Native  Fill 
Bentonite 


PRODUCTS  &  SERVICES.  INC. 


CHent:  WAFB 

Location:  *Chrismas  Tree  Area" 


Project  No.:  629M0414 
ProJ  Mgn  T.  Keefe 
Geotoqist  T.  Keefe 


Sample 


Blows 
/6"  "N" 


S7  30-32  8.9  18  1.S 

9.9  _ 


Hole  No.:  TF”  IS" 

Date  Started: 

5/15/95 

Sheet  *2  OF  2 

Date  Finished: 

5/15/95 

Method  of  Investigation:  Advance  a  4.25  ID  HSA  collecting  split  spoon  samples  at  the  surface 
and  every  5  feet.  Interface  sample  retained  for  laboratory  analysis.  2’  moitoring  well  installed. 


Drilling  Co.:  Seaboard  Environmental 
Dfillen  Frank  Harrlngtoa  Rob  Ingram 
Drill  Rla:  Mobile  B-63 


Sample 

Description 


I  Coarse  gray  SAND. 


Weather: 

Rain  50*s 

Well 

Details 

Groundwater 
and  Other 
Observations 

^  35^7  S.9  J9  1.S  Coofse  gray  SAND. 

10,11 _ 


S9  40-42  10,13  28 

15.22 


^  g  I  Light  tan  and  reddish  coarse  SAND. 


S10  45-47  7.6  11  1.0 

5.5  _ 


Coarse  tan  SAND. 


Q  Q  .  No  sample  was  retained  by  the  split 
"  spoon. 


Sample  Types:  S  =  Spfit  Spoon  T  -  Shelby  Tube 
R  =  RockCore  0  =  Other: 


native  fill 


2  ft  of  bentonite 


sand  pack  to  38  ft 


water  table  at  44  ft 

2  in  0.010  slot  PVC 
well  screen 

point  set  at  50  ft 


Native  Fili 
Bentonite 


vironmental  subsurface  tf-/^ 


Date  Started: 


5/18/95 


PRODUCTS  &  SERVICES.  INC. 


aenh  WAFB 

Location:  CWcopee  State 


Project  No.:  629M0414 
Proj  Mgn  T.  Keefe 
Geologist  T.  Keefe 


Sample 


1  OF2 


Date  Finished:  5/1 8/95 


Method  of  Investigation:  Advance  a  4.25  ID  HSA  collecting  split  spoon  samples  at  the  surface 
and  every  5  feet.  Interface  sample  retained  for  laboratory  analysis,  2"  moitoring  well  installed. 


Drilling  Co.:  Seaboard  Environmental 
Driller:  Frank  Harringtoa  Rob  Ingram 

Drill  Ria:  Mobile  B-53 


iWeather: 


Sample  Types:  S  =  Split  Spoon  T  =  Shelby  Tube 

R  =  Rock  Core  O  =  Other 


Overcast  60's 


Groundwater 
and  Other 
Observations 


steel  casing  to  3  ft 
above  grade 
cement  to  2  ft 


native  fill  to  35  ft 


2  In  solid  PVC  riser 


Native  Fill 
Bentonite 


nvironmental  subsurface 


Ibsurface  Hole  No.:  Date  started:  5/18/95 

Sheet  *  2  OF  2 _ Date  Finished:  5/1 8/95 

Method  of  Investigation:  Advance  a  4.25  ID  HSA  collecting  split  spoon  samples  at  the  surface 
and  every  5  feet.  Interface  sample  retained  for  laboratory  analysis.  2‘  moitoring  well  installed. 


RODUCTS  &  SERVICES.  INC. 


aent:  W/KFB 

Location:  CNcopee  State  Park 


Project  No.:  629M0414 
Proj  Mgr  T.  Keefe 
Geoloalst  T.  Keefe 


Date  Finished:  5/1 8/95 


Drilling  Co,:  Seaboard  Environmental 
Driller:  Frank  Harrlngtoa  Rob  Ingram 

Drill  Ria:  Mobfle  8-63  _ 


S8  I  35-37  I  17.15 


Rne  gray  SAND,  sonne  reddish  fine 
SAND. 


S9  I  40-42  I  10.13  . 


Rne  tan  SAND. 


I  Weather:  Overcast  60's 


Well 

Details 


Groundwater 
and  Other 
Observations 


native  fill 


2  ft  of  bentonite 


sand  pack  to  37  ft 


ISIOl  45-47  I  6.S  MSI 


Rne  tan  S/\ND.  some  fine  reddish 
SAND. 


SO-52  I  6.11  l20l  2.0 


Rne  tan  S/\ND.  and  coarse  SAND. 


water  table  at  43  ft 


2  in  0.010  slot  P VC 
well  screen 


I  point  set  at  50  ft 


Sample  Types:  s  =  Spilt  Spoon  T  =  Sheltsy  Tutae 
R  =  Rock  Core  0  =  Other. 


Cement 

Sand 


Native  Rll 
Bentonite 


APPENDIX  A-2 

GROUNDWATER  SAMPLING  FORMS 


022A722450/WESTOVER/8.WW6 


SAMPLING  LOCATION  WestoverARB.  FT-08 
SAMPLING  DATPi'S’t  Si/l7/^5 - 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  \pQ  Regular  Sampling;  [  ]  Spwial  S^plmg; 

DATE  AND  TIME  OF  SAMPLMQ:  3  ,  193^  J2fl - 

SAMPLE  COLLECTED  BY:  jQD^jgMV'  - of  _,Parsons  ES.  Denvgr- 

WEATHER:J2fclfl4_ii£. 


(niunber) 


WCA 1  - - -  " 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):  JEQCL 


MONITORING  WELL  CONDITION: 

LOCKED:  / — ^ 

WELL  NUMBER  08 -{S3iI»)APPAR^  ,  J  /  ,/ 

STEEL  CASING  CONDITION  TSr  pc^ 

j  T<3.  _ _ _  ■’•rs 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS: _ - 

WATER  DEPTH  MEASUREMENT  DATUN<Q^S  NOT)  APPARENT 
I  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): - 


Check-off 

1[  ] 

2(  1 


EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  ^ 


PRODUCT  DEPTH  fOA  - - FT-  BELOW  DATUM 

Measured  with:  _ _ _ _ _ _ _ 

WATER  DEPTH  qi.l1  (  (5M^)fT.  BELOW  DATUM 

Measured  with-  /-«  - - - — 


water-condition  before  WELL  EVACUATION  (Describe): 

'  Appffaranrft-  CttftfOy - - 

Odor:  - - - - 

Other  Comments:  _ _ _ — 


4[  ] 


WELL  EVACUATION:  - 

Mothod-  r?n/Y>A<QV  UAi 


lP/p  t 


Volume  Removed:  MO - - - 

Observations:  Water  (slightly  - 


Water  level  (rose  -ifellJno  cBang^)  S/ 

Water  odors:  crv^^ _ _ _ 

Other  comments: _ _ _ - _ 


}>H  L.  70 

pif  L 
pH  6^3 
p/}  (,.Ld 


m:\forms\gwsample.doc 

Page  1  of  2 


/i_3 

/Cirtjf  I3‘3 

7e^?  H.3 

p  .3 


AO. 

h.o.  ^.$7 

J.;?.  6-1/0 


Ground  Water  Sampling  Record  -  Monitoring  Well  No.  (Confd) 


5[  ] 


6[  ] 


SAMPLE  EXTRACTION  METHOD: 

Bailer  made  of:  ROPE 

[  ]  Pump,type:_ 

[  ]  Other,  describe: _ 


Sample  obtained  is  [  ]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp:  13..^  ^  0 

pH: 

Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other:  _ _ 


Measured  with:  9~(j0  fir 

Measured  with:  ^ _ 

Measured  with:  _ 

Measured  with:  TL  5"^ _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _  ■ _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method. 

Method 

Method 

[  ]  Preservatives  added: 

Method 

Method. 

Method 

Method. 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:, 

Containers:. 


9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 


m:\forms\gwsamp1c.doc 

Page  2  of  2 


SAMPLING  LOCATION  WestoverARB.  FT-08 
SAMPLING  nATF/St  T  S/}7 _ _ 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  Tp- . - - 

(number) 

REASON  FOR  SAMPLING:  M  Regular  Sampling;  [  ]  S^ial  Soling; 

DATE  AND  TIME  OF  SAMPL^:  V// _ ,  19f5  -  a.in^^ 

SAMPLE  COLLECTED  BY:  _ of  Jarsons  ES,  Denver  - 

WEATHER:_ii.£sii2_i_i25^ - - - - - - - - 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):_IQ£L_ - - - 


MONITORING  WELL  CONDITION: 

LOCKED;  ^ 

WELL  NUMBER  fis)  IS  NOT)  APPARENT 

_ _  jT. _ ^  S  I 


W  JDLrlj  IN  UlVI-DJLilV  iAfcy  J.WJ  X'l  V  A  ^  X  .  - 

STEEL  CASING  CONDITION  IS:. 

INNER  PVC  CASING  CONDITION  IS:_Se^_ - 

_ - _ — «  *  rwir  T»  mfrwr^  xn  VTA^rp’ 


1)  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:_fio^_ - - - 

WATER  DEPTH  MEASUREMENT  DATUMl^  IS  NOT)  APPARENT 

[]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR  > 

r  1  MONITORING  WELL  REQUIRED  REPAIR  (describe);  .  7vi>C 

'■  ^  ^ _ />.»Kivie-  Zs*  * 


Check-off 

u  1 


2[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List):_ _ 


PRODUCT  DEPTH 


JFT.  BELOW  DATUM 


Measured  with: 


WATER  DEPTH 


mo-77  ri>.  (Shh^) 


JFT.  BELOW  DATUM 


Measured  wiW:  V4_xm-1 — 


WATER-CONOmON  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  (^XPe^y _ ^ - - - — 

nHnr-  _ _ _ 

Other  Comments: _ _ _ _ 


4[]  WELL  EVACUATION: 

Method:Jksfidii2i_^sAj: 

Volume  Removed: _ _ _ _ — 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  _ _ — 

Other  comments: _ _ _ 


Pto.lT  ilrv-v^ 


II,  HO 


C>^0‘  16,,^^ 

^'3^  T<i^  P‘J 

(p.3H  fe..vp(>->  ^  ,1,34^ 


m:\forms\gwsample.doc 

Page  1  of  2 


Ground  Water  Sampling  Record  -  Monitoring  Well  No.  \  A  (Gonit'd) 

5[]  SAMPLE  EXTRACTION  METHOD: 


Bailer  made  of: 

Pump,  ^T>e:_ 

Other,  describe:  _ 


Sample  obtained  is  [  ]  GRAB;  [  ]  COMPOSITE  SAMPLE 


6[] 


ON-SITE  MEASUREMENTS: 

Temp:  °  *\. 

pH:  _ 

Conductivity: _ _ 

Dissolved  Oxygen: 

Redox  Potential: _ _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other 


Measured  with: 

Measured  with:  A 

Measured  with:. _ 

Measured  with:  Syp 

Measured  with:. _ 

Measured  with: _ 

Measured  with: _ _ 

Measured  with: _ _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[]  ON-SITE  SAMPLE  TREATMENT: 

Filtration:  Method  Containers:. 

Method _  Containers:. 

Method_ _  Containers:. 

Preservatives  added: 

Method_ _ Containers:. 

Method  _  Containers:. 

Method  _  Containers:. 

Method. _  Containers:. 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

1 0  [  ]  OTHER  COMMENTS: _ 


[  ] 

[  ] 
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SAMPLING  LOCATION  WestoverARB.  FT-Q8— 
SAMPLING  DATErS^  _ _ 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  — - - - 

(number) 

REASON  FOR  SAMPLING:  ^  Regul»  Sapling;  [  ]  Special  San^ling; 

DATE  AND  TIME  OF  SAMPLftIG:  ijnrv  - ,  19 - - a.myp.m. 

SAMPLE  COLLECTED  BY:  (^Db^V  '  _ _ of  J^arsOnsES.  DsmSC - - 

WF.ATHF.Rr  /'t.y.Jyf  ImO - - ; - - - 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):JEQC - - - 


Check-off 

Ul 


2[] 


3[  ) 


4[  1 


(  ]  UNLOCKED 


MONITORING  WELL  CONDITION: 

LOCKED:  ^ 

WELL  NUMBER(g§^  IS  NOT)  APPARENT 
gTFFI  ^^c?T>T<-.r’ro>mTTTOHTS-  (5 

INNER  PVC  CASING  CONDITION  IS: _ - - 

WATER  DEPTH  MEASUREMENT  DATUM^|>  IS  NOT)  APPARENT 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
(  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  Qn^fis -  fQkKf-  pfosh 

Items  Cleaned  (List):_ _ - !! - = — 'X\>pl'bpy}  ^  i^.. 


PRODUCT  DEPTH. 


lO/\ 


JT.  BELOW  DATUM 


Measured  with:  /OA 


WATER  DEPTH  ^ uitjTO  - FT.  BELOW  DATUM 

Measured  with:  ^Oa.-Vr-*-** _ 1  *■  - p  - - - - 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

.  A  ppfiarance:  C  i  Car' _ _ _ — - - — - 

Orion  />Jov<V _ _ _ _ _ _ _ _ _ _ 


Other  Comments: 


WELL  EVACUATION:  n  C.  Tf 

Mpithori-  (sro^dhfi  )Udr  Mo  iJ- 


Volume  R^movftri:  Z'?  6gJ 


Observations:  Water  (slightly  -  very)  cloudy  CJeiar  ,,j  . 

Water  level  (rose  -  fell  -  no  change)  /JoY  Hees:trttl  no-r 

Water  odors: _ 


Other  comments:. 


•J(A 

Ji? 


pH  ^‘^0 
pH  CMz. 
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T^rf  /3i7  ;>.£>; 

Itf^p  /Z-7  pD.  ^  pg 


Ground  Water  Sampling  Record  -  Monitoring  Well  No.  1  (Conf d) 


5[  ] 


6[  ] 


SAMPLE  EXTRACTION  METHOD: 

p'ij  Bailer  made  of:  U  bP  E* 
[  ]  Pump,type:_ 

[  ]  Other,  describe: _ _ 


Sample  obtained  is  M  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp:  3  °  _C_ 

pH:  (,.UO _ 

Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity:  _ _ 

Nitrate: _ 

Sul&te: _ 

Ferrous  Iron: _ 

Other _ 


Measured  with:  ^ 

Measured  with:  d?  _ 

Measured  with: _ 

Measured  with: 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7  (  ]  SAMPLE  CONTAINERS  (material,  number,  size): _ i 


8[  1 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method. 

Method. 

Method. 

(  ]  Preservatives  added: 

■  Method. 

Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ _ 
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SAMPLING  LOCATION  WestoverARB.  FT-08 
SAMPLING  nATF/S^  _ 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  Tj'  - 

(number) 

REASON  FOR  SAMPLING:  Regular  Sampling;  [  1  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  19^  02^^.  —  a.myp.m. 

SAMPLE  COLLECTED  BY:  _DM/MV _ _ of  _f arsons  ES.  Denver — - 

WFATHFR-  rJinjAu-  Laui  - - - - - - - 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):_!IX)C — ^ - - 


^  UNLOCKED 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ,  ^ 

WELL  NUMBER  as  VIS  NOp  apparent  ,  I  I 

STEEL  CASING  CONDTITON  IS:  L/rw6t^ , 

INNER  PVC  CASING  CONDITION  IS:  - ! - - — :  -r  -7-t - 

- vtum^^s - - - - 

SAMI^^C 


1^  j  f  II  .ir.r>  jivrvEV^  i  u  i.  ujiiTix  uxl  COLLECTOR 
(  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): - 


Check-off 
1[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  '  Xniidc.  -  — 

Items  Cleaned  (List):  _  ^Sr^piPincl ^  ftgJT, 


PRODUCT  DEPTH  _ _ _ _ _ FT.  BELOW  DATUM 

Measured  with:  ^ - — - - - 

WATER  DEPTH  5H.tU  _  S/nJ^t - FT.  BELOW  DATUM 

Measured  with:  praLe  - 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

;  Appearance:  ^Icc^  _ _ _ _ _ — - - 

Odor: _ - - - - - 

Other  Comments:. - - ^ - - - 


4(]  WELL  EVACUATION:  P  C,  TT 

MefhnH-  KrAt 

Volume  Removed:  i'Y  5^ _ 

Observations:  Water  (slightly  -  very)  cloudy  Q asT 

Water  level  (rose  -  fell  -  no  change)  He^t/rt  J  Sec  TP  *3 

Water  odors:  _ _ _ _ 

Other  comments:. _ _ _ _ _ — 


UgAyijjl, 


p.O.  5-0^ 

jo  6^ 

pH  6,^0^ 

(y&l  ' 

pH  ,  C 
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Ground  Water  Sampling  Record  -  Mbnitoring  WellNo.  '  ■  ■  rp*  ~  H 


(Confd) 


5[] 


6[1 


SAMPLE  EXTRACTION  METHOD: 

Bailer  made  of: 

[  ]  Pump,^e:_ 

[  ]  Other,  describe: _ 


Sample  obtained  is  M  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp:  11 .3  °  <1- 

pH:_4^09 _ 

,  Conductivity: _ 

Dissolved  Oxygen:  H 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ ^ _ _ 


Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 


Wsr 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


ON-SITE  SAMPLE  TREATMENT: 


91] 


10[  ] 


r  1  Filtration:  Method 

Containers: 

Method 

_  Containers: 

Method 

Containers: 

[  ]  Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 

[]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: 
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SAMPLING  LOCATION  Wftstover  ARB.  FT-Q8  - 
SAMPLING  DATE(S)_ _ SfiSj^ - - 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  — - 

REASON  FOR  SAMPLING:^  Regular  Sampling;  , 

DATE  AND  TIME  OF  SAMPLING; .  5  / /1{__ - •  Denver 

SAMPLE  COLLECTED  BY^PM/MM - - - - of  _Pmons  ES.  PfflVgr.. 

^TOM^OR  WATC^  DHTO  MEASUREMENT  (Describe);.!^ 


(number) 


MONITORING  WELL  CONDITION;  iS/f  irMi  nrKED 

[  ]  LOCKED;  ^ - \  ^  l^OCKEU 

WELL  NUMBER  US  APPARENT  t,rrruM,d 

STEEL  CASING  CONDITION  IS; — - - 

INNER  PVC  CASING  CONDITION  IS; — (jxJuA 

_ _ _ ^  A  oTrot7iiiix:XTT  nATTIN/T  ns  - 


INNER  PVC  CASING  CONDITION  IS; — ( -r  - - — — — 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  APPARENT 

r  1  DEFICIENCIES  CORRECTED  BY  SAMPLE  COCLECTOR 
(  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe); 


'6c^''"C*hid 


Chcck”Off 

1  [  ]  equipment  CLEANED  BEFORE  USE  WITH. 


Items  Cleaned  (List);. 


2  [  ]  PRODUCT  DEPTH - 


JrT.  BELOW  DATUM 


Measured  with: 


WATER  DEPTH  H2.oV 


VT.  BELOW  DATUM 


Measured  withr  — P  ^  ^  - 


311 


4[  1 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe); 

^ppparanre-  CiLAjd-j — - 


WELL  EVACUATION;  0  f  at  TT  _ _ 

Method-  — Rer.U  -Y'foJL — - - - - 

Volume  Removed: - 2d_ - — - — - -  " 

Observations:  Water  (slightly  -  very)  cloudy  C\to^ 

Water  level  (rose  -  fell  -  no  change)  /Jn, 

Water  odors:  ^  - - - - — - - - - 

Other  rfi  .^hcCJl - - - - - - 


l5"6ti| 


/>//  4.05 
/ri  &.qS 

p^l  (j.iL 
ze  O^  pH  CO) 
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I  &  t^p  /Z -2, 

n. ) 

7c>^p 


i).o.  iT.Si 

J^.O. 

•>.b.  5'.  t>7 


Ground  Water  Sampling  Record  -  Monitoring  Well  No.  •  •  “HF  — (Confd) 


5[  1 


6[  1 


SAMPLE  EXTRACTION  METHOD: 


Bailer  made  of:  VA  D  P  ^ _ _ 

[  ]  Pump,lype:_ 

[  ]  Other,  describe: _ ia/As  k 

_  V  / 

Sample  obtained  is  [^]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp:  1 2.-1  °  C 

pH:  _ 

Conductivity:  ' _ 

Dissolved  Oxygen:  5*0"^ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ _ 

Other  _ _ 


Measured  with:  &-n  f 

Measured  with: _ 

Measured  with:  _ 

iw^\l  Measured  with:  K SX 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[]  ON-SITE  SAMPLE  TREATMENT: 

[  3  Filtration:  Method _ ^ _  Containers:. 

^  Method _  Containers:. 

Method _  Containers:. 

(  ]  Preservatives  added: 

Method _  Containers:. 

Method _ ^ _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 


9[]  CONTAINER  HANDLING: 

[  3  Container  Sides  Labeled 

[  3  Container  Lids  Taped 

[  3  Containers  Placed  in  Ice  Chest 

10  [  3  OTHER  COMMENTS: _ 
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SAMPLING  LOCATION  w.>.«rfnvftr  ARB.  FT-08 
SAMPLING  DATE(S)  - 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  — ^ - 

REASON  FOR  SAMPLING:  W  Regular  Sampling;  [  1  ^cial  San^ling; 

DATE  AND  TIME  OF  SAMpLiSJe: 


(number) 


SAMPLE  COLLECTED  BY: 


WEATHER:.^ 


DB^  M^UREMENT  (Describe):_IQ£L 


DATUM  FOR  WA' 


MONITORING  WELL  CONDITION: 

(  ]  LOCKED: 

WELL  NUMBER  (IS  -<g  NOTyAPPAIlJENT 

STEEL  CASING  CONDITION  IS: — - 

INNER  PVC  CASING  CONDITION  IS:  Ccfjd  — - — — - — 

WATER  DEPTH  MEASUREMENT  DATUM  (IS -^[§^3^  APPARENT  Cftru.  ttc) 
[  1  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  monitoring  WELL  REQUIRED  REPAIR  (describe): - - - - 


UNLOCKED 


Check-off 

111 

2(  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (List):. _ ^fhUk - i! - 


PRODUCT  DEPTH 


jOA 


Measured  with: 


WATER  DEPTH  ^  - 

Measured  widi: _ ***‘*-'^* 


I  b>g- 


_FT.  BELOW  DATUM 


_FT.  BELOW  DATUM 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appi»flranr.ft:  Cli^lxl^ - - ^ - 

Odor:___ZMVll± - - - 

other  Comments:. _ _ _ — 


4[  1 


Other  comments:. 


10^ 


J 

i.l-L 


'fir^xp  )Z-I 

/ 

)2,2, 

h.^ 


3.%8 

0,0,  3.72 
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Ground  Water  Sampling  Record  -  Monitoring  Well  Noi  -  *  '•  (Coiif  d)  ' 

5[]  SAMPLE  EXTRACTION  METHOD: 


Bailer  made  of:  HDPt- _ 

[  ]  Pump,type:_ 

[  ]  Other,  describe: 


Sample  obtained  is  [1^  GRAB;  [  ] 

COMPOSITE  SAMPLE 

ON-SITE  MEASUREMENTS: 

Temp:  °  C 

Measured  with:_ 

pH: 

Measured  with:_ 

Conductivity: 

Measured  with:_ 

Dissolved  Oxygen:  2.72. 

Measured  with:_ 

Redox  Potential: 

Measured  with: 

Salinity: 

Measured  with:_ 

Nitrate: 

Measured  with:_ 

Sulfate: 

Measured  with:_ 

Ferrous  Iron: 

Measured  with:_ 

Other: 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  1 


9[  ] 


10[  ) 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method _ 

Method _ 

— — — — 

Method _ 

[  ]  Preservatives  added: 

Method 

'  Method 

Method _ 

Method _ 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:, 

Containers:, 

Containers:, 
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SAMPLING  T.0CAT10N  WestoveL 
SAMPLING  DATF/S^ 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL - TT/IrP  - 

REASON  FOR  SAMPLING:  M  Regular  Sampling;  (  ]  Special  Sapling; 

DATE  AND  TIME  OF  SAMPLING:  _ ,  19 - u2_ —  a.m7p.m. 

SAMPLE  COLLECTED  BY:  (DM/^  '  _ _  of  Jarsons  ES.  Pgavj 

WEATHER: _ _ _ _ _ _ _ _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):_IQC - 


(number) 


MONITORING  WELL  CONDITION: 

MfLOCKED:  ✓ - N  [  1  UNLOCKED 

WELL  NUMBER  0S  -  <^2J^0'^PARENT 

STEEL  CASING  CONDITION  IS:  - 

INNER  PVC  CASING  CONDITION  IS:  ^ - 

WATER  DEPTH  MEASUREMENT  DATUIfqg^lS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMttTE  COLLECTOR 
(  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): - 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE ' 

Items  Cleaned  (List): _ 


PRODUCT  DEPTH  AM 

Measured  with: 

WATER  depth: _ 

Measured  with; _ 


X  Prc.V^4 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

;■  Appearance:  Cli^y , _ - - 

Odor: _ - - - 

Other  Comments:  - - - 

WELL  EVACUATION:  . 

Method:  _ _ _ 

Volume  Removed:.  - - - 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  r  _ _ 

Other  comments: _ _ 


6-35' 

/2.  7 

127 

0.0 

xhOO 

Z7.S^c^l 

f>li 

/• 

P 

(1-7 

0.0. 

0.^0 

r.  BELOW  DATUM 

r.  BELOW  DATUM 
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Ground  Water  Siunpling  Record  -  Monitonng  Well  No.  •  •  •  Vp-  S  (Corif d) 

5[]  SAMPLE  EXTRACTION  METHOD: 


f1 


Bailer  made  of:  H  b  PE 

Pump,  ^e:_ 

Other,  describe: _ 


Sample  obtained  is  M  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temo: 

Measured  with:. 

pH:  (,  .'Z.S 

Measured  with:. 

Conductivity: 

Measured  with:. 

Dissolved  Oxygen: 

.  Measured  with:. 

Redox  Potential: _ 

Measured  with:. 

Salinity: 

Measured  with:. 

Nitrate: 

Measured  with:. 

Sulfate: 

Measured  with:. 

Ferrous  Iron: 

Measured  with:. 

Other 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ]  Filtration:  Method  _ _  Containers:. 

Method _ ; _  Containers: 

Method _  Containers:. 

[  ]  Pre^e^atives  added: 

Method _  Containers:, 

'  Method _  Containers:. 

Method _  Containers:. 

Method. _  Containers:. 


9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ 
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SAMPLING  LOCATION  Westover  ARB.  FT-08- 
SAMPLING  r>ATF/S->  SffB  hr - 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  - - - 

(number) 

REASON  FOR  SAMPLING:  k]  Regular  Sampling;  [  ]  Si^ial  Smpling; 

DATE  AND  TIME  OF  SAMPLING:  <//<?  _ ,  19^  J£ - ^ 

SAMPLE  COLLECTED  BY:  _DM/MV _ _  of  JarsonsES.  PfflVgr - - 

WFATHPRt  /•L>T/r/y  7C? - - - .  ^  - - - 

DATUM  FOR  WATEk  f>EPTH  MEASUREMENT  (Describe):.  TOC_ - - - 


# 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  UNLOCKED 

WELL  NUMBER  (IS  -^SNpt)  APPARENT  Ct>nrxjUeJ 

STEEL  CASING  condition  IS: _ Cszcd. -  - 

INNER  PVC  CASING  CONDITION  IS:  CtCxxL 

_ _ _ — ■»  rw-%  A  TTfcTTim  ^TTVT’T*  A  TP¥  TK  A  /TC* 


Check-off 


2[  ] 


3[  1 


4[  1 


INNER  PVC  CASING  CONDITION  IS:  CtCjocL — - - - — j- 

WATER  DEPTH  MEASUREMENT  DATUM  (IS APPARENT  Ccrrr^JCa 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  monitoring  WELL  REQUIRED  REPAIR  (describe): - - - 


1  r  1  EQUIPMENT  CLEANED  BEFORE  USE  WITH  Pj^p  " 


Items  Cleaned  (List):. 


PRODUCT  DEPTH 


FT.  BELOW  DATUM 


Meafured  with:  AJA 


WATER  DEPTH  ^ 

MpaaireH  with: 


r  m _ '  ■  ■  •  ' — * — I - - - - - - 

Measured  with: _ 


_FT.  BELOW  DATUM 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Ptf»».rA  .  MlAIy 
nrfor:  /Ug>1C. 


lirtnr:  _ , - - - - - - - „ 

Other  rrimmonK-  AJir  U^l!  -  <  t 

WELL  EVACUATION:  .  iP  J'-Cj  T 

MfthnH-  ^Vs/v\J  KtAt  A/o  J*' - 


Volume  RpimnvftH-  %S 


VVfiUliiw 

Observations:  Water  (slightly  -  very)  cloudy  CfdCvr 

Water  level  (rose^elN^o  change) _ 


Water  odors:. 
Other  comments;, 


p  M  6'.36 

12,4^  2^-yxl 

pH  (s<l7 

0  ZV 
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Jejytf  li-  ^  •  /• 

'3.^  l-5'b 


hS7 


Ground  Water  Sampling  Record  -  Monitoring  Well  No.  \  •  (Confd)  ' 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

^  Bailer  made  of:_yjiP£. 

[  ]  Pump,  ^e:_ 

[  ]  Oflier.  describe:  r//W>/ 

Sample  obtained  is,  [VI]  GRAB;  [  1  COMPOSITE  SAMPLE 


6t  ] 


ON-SITE  MEASUREMENTS: 

Temp:  ° 

pH:  6.3  7 _ 

Conductivity: _ _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with:. 
Measured  with;. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 


-Y6r 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


9[  ] 


10[  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  1 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

* 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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SAMPLING  LOCATION  WestoverARB.  FT-08 
SAMPLING  DATE(S) _ S//S /‘fT _ 


GROUND  WATER  SAMPLING  RECORD  -  MONTTORD^G  WELL  ,  ^ 


REASON  FOR  SAMPLING:  Regular  Sampling;  [  1 

DATE  AND  TIME  OF  SAMPLING:  5/ig?  19^  — Sjn./p.m. 

SAMPLE  COLLECTED  BY:  _J?M/M\L- 
WEATHER:  _ 22. 


(number) 


of  Parsons  ES.  Denver 


WF.ATHF.R:  CXuxfA\i  7^ _ _ _ _ _ 

DATUM  FOR  WAT^R  DEPTH  MEASUREMENT  (Describe):_IQ£L 


MONITORING  WELL  CONDITION: 
[  ]  LOCKED: 

WELL  NUMBER  (IS  - 


PO  UNLOCKED 


_ _  ,  APPARENT  /Vrrec- 

STEEL  CASING  CONlhTl5N  IS:  CxfO^  - - - - 

INNER  PVC  CASING  CONDITION  IS:  - r—j- 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  ^  N^APPARENT  Co^'rWta 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COCLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): - - - 


Check-off 

1[] 


equipment  CLEANED  BEFORE  USE  WITH _ _ 

Items  Cleaned  (List): _ DtX.. 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH  A)^_  - - - - 

Measured  with:  - 

WATER  DEPTH  ^ - 

Measured  with:  f V»g - 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  - 

Odor; _ Nirvxt _ 

Other  Comments:  ~  _ _ _ 


WELL  EVACUATION:  o  ,  <  iT 

M^hoH-  G^fTyvJ<c?$  XrJi'r'O  JU 


g\«x^ 


Volume  RemoveH:  -sO - - 

Observations:  Water((sU^Jj|'  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 
Water  odors:  _ _ 


Other  comments:. 


JFT.  BELOW  DATUM 


JT.  BELOW  DATUM 


Dc>- 
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p// 

pH 

PH 


Ground  Water  Sampling  Record  -  Monitoring  Well  No.  ^  P*  ~  (Confd) 

5[]  SAMPLE  EXTRACTION  METHOD: 


61] 


X]  Bailer  made  of:  \4  0  PEI _ 

(  ]  Pump,^e:_ 

[  ]  Other,  describe:  S'^wtnle 


c.L’vJ^  A-i 


Sample  obtained  is  fjc]  GRAB;  [  1  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp:  It,  7  °  C 

pH:  L.oo _ 

Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with:  VSI 
Measured  with: 

Measured  with: _ 

Measured  with:  Y^X 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ _ 

Measured  with: _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


9[] 


10[  ] 


ON-SITE  SAMPLE  TREATMENT: 


Filtration: 

Method 

Containers: 

Method 

Containers: 

m 

Method 

Containers: 

[  ]  Preservatives  added: 

Method _ 

'  Method _ 

Method _ 

Method _ 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


m:\forms\gwsamplc.doc 

Page  2  of 2 


SAMPLING  LOCATION  WftstnverARB.  FT-08 
SAMPLING  DATE(S)_^Z^^a^ - 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  — - 1= - - - 

(number) 

REASON  FOR  SAMPLING:  [)J  Regular  Sampling;  [  1  Social  Sampling; 

DATE  AND  TIME  OF  SAMPL^_^/i^_ _ ,  1922 - a.m./p.m. 

SAMPLE  COLLECTED  BY :  IDM^^V  _ _  of  JarSOnsES.  PfflVgr - - - 

WF.ATHF.R:  T  (cWy - - - - — — - - - 

DATUM  FOR  WATER  t)EPTH  MEASUREMENT  (Describe):_IQ£ - - - 


[  ]  UNLOCKED 


MONITORING  WELL  CONDITION: 

Df  LOCKED:  ^ 

WELL  NUMBEROSA  IS  NOT)  APPARENT  I  - 

STEEL  CASING  CONDITION  IS:  C /W  ] 

INNER  PVC  CASING  CONDITION  IS: _ J  - 


INNER  PVC  CASING  CONDITION  ko. _ - - - 

WATER  DEPTH  MEASUREMENT  DATUM  (^IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. 


Check-off 

IH 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  hf^iK 

Items  Cleaned  (List): _ QubflPC  Pi/yy-fi'  y 


2[  ] 


311 


4[] 


PRODUCT  DEPTH 


FT.  BELOW  DATUM 


M.X1.  -f  ^  f  '  J  f  i ~ 

Measured  with: 


WATER  DEPTH  BELOW  DATUM 

Measured  with: _ <- - 1  — P*~^  - - - 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
;■  Appparanre; 

Odor: _ 


f^bry><- 


Other  Comments:. 


WELL  EVACUATION:  .  o  ci  If  D 

MPthnH-  (jn'^oyJfa5  Kcdt  ^  — 

Volume  PptnnvpH-  -  - 

Observations:  Water  (slightly  -  very)  cloudy  Clco,.~ 


Water  level  (rose  -  fell  -  no  change) 
Water  odors:  A  SJ^  t 


ZOGeJ 

iDCW 

356.4 


/2'« 

y^z-nf^  iZ  7 
(  ^iy\^(Z.7 


wai.w>l  _ tl-ac - - - - - - - J - - - T 

Other  comments:  iazcl^  Ai^Pp  ^  ^  . 

i>/d  C^pPilr 

M  A/C. 


I,//  6 

.H  OMi 


D.o.  6>>20 

x>.c, 

S^lsL 
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pM  CHi 


^  .0  '5  •* 


55 


Ground  Water  Sampling  Record  -  Monitoring  Well  No.  \  (Cont'd) 

5[]  SAMPLE  EXTRACTION  METHOD: 

Bailer  made  of:  M P  £  _ 

[  ]  Pump,^e:_ 

[  ]  Other,  describe: _ _ _ 

Sample  obtained  is  [jfl  GRAB;  [  ]  COMPOSITE  SAMPLE 


6[1 


ON-SITE  MEASUREMENTS: 

Temp:  °  C 

pH: _ 

Conductivity: 

Dissolved  Oxygen:  5.33 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with:  ^  -S  I 
Measured  with: 

Measured  with: _ 

Measured  with:  7*^  f 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ 
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SAMPLING  LOCATION  WestoverARB.  FT-Q& 
SAMPLING  r>ATF/S^  _ 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  (XI  Regular  Sampling;  [  ]  Si^ial  Sampling; 

DATE  AND  TIME  OF  SAMPLINGj  19^ - a.m./p.m. 

SAMPLE  COLLECTED  BY:  _ _ of  JarsonsES.  Penver, 


(number) 


WFATHFRr  tJopgJ-  - - 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 


IQiL 


MONITORING  WELL  CONDITION: 

0^  LOCKED:  t  1  UNLOCKED 

WELL  NUMBER  ^  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  no  e>,>iACnT- 

INNER  PVC  CASING  CONDITION  IS:  Gea^-* 


WATER  DEPTH  MEASUREMENT  DATUM(^  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): - 


Check-off  ^  1  rt  ^  i.  t— 

If]  equipment  CLEANED  BEFORE  USE  WITH  T^-fia€-  ^  — 

Items  Cleaned  (List):^ _ ~ 


2[  ] 


3(1 


4[] 


PRODUCT  DEPTH  iQA 


_FT.  BELOW  DATUM 


Measured  with: 


WATER  DEPTH  ^2.  gS .S-V  — FX  BELOW  DATUM 

Measured  with:  ^ /v  - 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

;*  Appearance:  C/goJTL 


Odor 

Other  Consents: _ 


McJ  c<T^t-£ 


WELL  EVACUATION: 


Method:  tcS  -rfO  ^ - - - 

\//%l>iTn A  "R  removed*  /  _ _ _ _ _ _ _ 

Observations: 

Water  (sli^tly  -  very)  cloudy  C^Cfi-ir' 

Water  level  (rose  -  fell  -  no  change) 

Water  odors;  Hcdcrdik  luecJi-ie.rcd  ^ehn^l*i-*^yyr^ - - 

Other  rnmmentQ'  _ _ _ _ 

S’ 

b.o.  &^3S 

Ih’" 

lOOeJi 

Te.vyp>  /3. 1 

D.o.  0^2,'^ 

Id.'*’ 

l5M 

i>i-)  6-^'h 

Ttnyp 

13.0 

0  uV  C3S 
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Ground  Water  Sampling  Record  -  Monitoring  Well  No.  A  (Confd) 

5[]  SAMPLE  EXTRACTION  METHOD: 

Bailer  made  of:  H  PPC  _ 

i  ]  Pump,  ^e:_ 

[  ]  Other,  describe:_ _ _ 


6[] 


Sample  obtained  is  [)4]  GRAB;  [  1  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp:  I  3,0  °  C 

pH:  /a.S  2. _ 

Conductivity: _ 

Dissolved  Oxygen:  cPr/fi  \ 

Redox  Potential: _ 

Salinity; _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with:. 
Measured  with;. 
Measured  with:. 
Measured  with;. 
Measured  with;. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


9[  ] 


10[  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method. 

Method 

Method 

[  ]  '  Preservatives  added: 

Method. 

'  Method, 

Method, 

Method. 


CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 
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SAMPLING  LOCATION  Westover  ARB.  FT-08 
SAMPLING  DATEfSI  _ ! - 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  'TF~  ^ - - 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  19^^ _ ^  r— a.myp.m. 

SAMPLE  COLLECTED  BY:  _pM/MV _ _  of  _,ParS<?ns  ES.  DfflVSL - 

WF.A'I'HRR:  Ctnr4'^  >>  rz.nr>^ — Lmr'  - - - - - - - — - 

DATUM  FOR  WAf^R  DEPTH  MEASUREMENT  (Describe): JEQC - - - - 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  /■ — W  UNLOCKED 

WELL  NUMBER  (IS  -USNQT)  APPARENT 

STEEL  CASING  CONDITION  TS:  Gr>gxl - - - 

INNER  PVC  CASING  CONDITION  IS:  CrioA - 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  monitoring  WELL  REQUIRED  REPAIR  (describe): - 


Check-off 

1[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  i 

Items  Cleaned  (List):_ _ Kyy^Jl. 


hJiJcr  Fiuih _ 

i),^j))lrr  iscpirp^^l^  OaT 


2[  1 


3(  ] 


PRODUCT  DEPTH  A'A - ^ - 

Measured  with:  - - 

WATER  DEPTH  .09 - - 

Measured  with; _ — |prola«. 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
;■  Appparance:  Cl/nji\rf  ^  - - 


Odor  lOi!V\t 


Other  Comments:. 


4[  ] 


WELL  EVACUATION:  ^  ^ 

Mftthodr  - - 

Volume  Removed:_2£2 - — - - 

Observations;  Water  (slightly  -  very)  cloudy  Ckor" 
Water  level  (rose  -  fell  -  no  change) 

Water  odors:  _ _ 

Other  comments: _  - 


Tc'^-plhO 

O.o  ;| 

10 '6^^ 

pH  i  ip 

H-o 

p.c>^ 

n.vi^ 

f>H  iff-  i< 

//<  0 

0,0 

IhtZ 
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FT.  BELOW  DATUM 


FT.  BELOW  DATUM 


Ground  Water  Sampling  Record  -  Monitoring  Well  No.  ’TF"*  \L>  (Cohf  d) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 


6[  ] 


[H  Bailer  made  of:  ti  PEl. 
[  ]  Pump,type;_ 

[  ]  Other,  describe: _ 


Sample  obtained  is  [^]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp:  /i.o  "  C 

_  Measured  with:. 

_  Measured  with:. 

Conductivity: 

Measured  with:. 

Dissolved  Oxygen:  J/.fi 

Measured  with:. 

Redox  Potential: 

_  Measured  with:. 

Salinity: 

Measured  with:. 

Nitrate: 

Measured  with:. 

Sulfate: 

Measured  with:. 

Ferrous  Iron: 

Measured  with:. 

Other: 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method. 

Method. 

Method. 

[  ]  Preservatives  added: 

Method. 

Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ _ 
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SAMPLING  LOCATION  W^overARB.  FT-08 
SAMPLING  DATE(S)_^^ _ 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  7T".,Z - - - 

(number) 

REASON  FOR  SAMPLING:  Dd  Reguto  Sampling;  [  ]  fecial  Sailing; 

DATE  AND  TIME  OF  SAMPLING:  19j2.  (P-:? a.m./p.m. 

SAMPLE  COLLECTED  BY:  DM/mV  of  ParsonsES.  DfflVgr - - - 

WEATHER: _ _ _ _ — - - 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):_IQC - - - 


MONITORING  WELL  CONDITION: 

[  1  LOCKED:  1^1  UNLOCKED 

WELL  NUMBER  (IS  -  l^NgJ^  APPARENT  Hia 

STEEL  CASING  CONDITION  TS:  - - - 

INNER  PVC  CASING  CONDITION  IS:  *) ;  y<-;«Ov>n  "-c  i~C{/ - 

WATER  DEPTH  MEASUREMENT  DATUM  rf^IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPtifiCOLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): - - 


Check-off 

1[  1 

2[] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  ^  pt^p  '  ^  _  _ 

Items  Cleaned  (List):  _ C9 — Ol.  -i- 


PRODUCT  DEPTH  - FT-  BELOW  DATUM 

Measured  with:  - - — — - 

WATER  DEPTH  ^3.75  /^^'  . /fj)  —  _FT.  BELOW  DATUM 

Measured  with: _ i  predoe - - - 


WATER-CONDmON  BEFORE  WELL  EVACUATION  (Describe): 

'  Appearance:  - - 

Odor: _ - - 

Other  Comments:__ _ 


41  ] 


WELL  EVACUATION: 


Volume  Removed:  />/ 

Observations:  Water  (slightly  -  very)  cloudy  Ck' 

Water  level  (rose  -  fell  -  no  change) 
Water  odors:  _ _ _ 


Other  comments:. 


(i>^l  pjfd'Jl' 

m:\forms\gwsample.doc 
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7^rvv/>  /2*Z 
IZ  Z 
IZyZ 


t>.o>  i.Zy 

(o>ZS 

AC, 


Groxmd  Water  Sampling  Record  -  Monitoring  Well  No.  '  (Confd't  " 

5[]  SAMPLE  EXTRACTION  METHOD: 

M  Bailer  made  of:  H  P  ^ _ 

[  ]  Pump,^:_ 

[  ]  Other,  describe:  _ _ 


Sample  obtained  is  C*#]  GRAB;  [  ] 

6  [  ]  ON-SITE  MEASUREMENTS: 

Temp:  °  C 

pH:  (yH _ 

Conductivity: _ 

Dissolved  Oxygen:  \  I 

Redox  Potential:  * 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


COMPOSITE  SAMPLE 


Measured  with: _ yfSl 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


9[] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ]  Filtration:  Method. 

Method. 

Method. 

[  ]  '  Preservatives  added: 

Method. 

Method 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 
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SAMPLING  LOCATION  WestoverARB.  FT-08 
SAMPLING  DATEfS>  _ _ 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL - - - 

(number) 

REASON  FOR  SAMPLING:  Dtj  Regul^  Sapling;  [  ]  Special  Soling; 

DATE  AND  TIME  OF  SAMPLMQ:  19_  _MJ£ —  a.myp.m. 

SAMPLE  COLLECTED  BY:  '  of  J?ar50ns  ES.  Dcnysc - - 

WEATHER: _ _ _ : - - - - 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):_lQC - - - 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ^  UNLOCKED 

WELL  NUMBER  (IS  (ISljQ^  APPARENT 

STEEL  CASING  CONDITION  IS:  - ! - 

INNER  PVC  CASING  CONDITION  IS:__{^XLsd - 

WATER  DEPTH  MEASUREMENT  DATUM^-  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPiS  COLLECTOR 

(  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): - — 


Check-off 

It] 


BQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (List): _ ^  ^ 


PRODUCT  DEPTH  /JA _ _ _ _ _ FT.  BELOW  DATUM 

Measured  with:  _ _ _ _ _ — - 

WATER  DEPTH  tJ.L/r.i>  (Sln/I^ _ FT.  BELOW  DATUM 

Maasiired  with/  tiJaJr  <■  <g»«- i _ ^  ^ - — - 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe):  \ 

.  Appftarance:  (^{mAy - - 

Odor _ ^  - - - - - - 

Other  Comments:_ _ _ _ — - — — — : — 


■tl  1 

WELL  EVACUATION: 

Volume  Rftmnved:  /fa  - - — — - - 

Observations:  Water  (sfightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  A/cmC _ _ 

Other  comments! 

pH  (p-$Z 

Tc^P  !>.o> 

fH  i.  sc- 

)}.y  0,6  Cjc? 

7-r  ^’^ily  /  cn 
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Ground  Water  Sapling  Record  -  MonitoringWell  No. 


(Confd) 


5[  ]  SAMPLE  EXTRACTION  METHOD: 

[Y>]  Bailer  made  of:  M&P  £- 
[  i  Pump,^e:_ 

[  1  Other,  describe; _ 


Sample  obtained  is  ^  GRAB;  [  ] 

COMPOSITE  SAMPLE 

ON-SITE  MEASUREMENTS: 

Temo:  7/.  7  “  C 

Measured  with: 

ysr 

dH:  L.^0 

Measured  with: 

Conductivity: 

Measured  with: 

Dissolved  Oxygen:  /^jlf 

Measured  with: 

ysf 

Redox  Potential: 

Measured  with: 

Salinity: 

Measured  with: 

Nitrate: 

Measured  with: 

Sulfate: 

Measured  with: 

Ferrous  Iron: 

Measured  with: 

Other: 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


ON-SITE  SAMPLE  TREATMENT; 

[  ]  Filtration:  Method. 

Method. 

Method. 

[  ]  Preservatives  added; 

Method. 

Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 


m:\forms\gwsample.doc 

Page  2  of 2 


SAMPLING  LOCATION  Weaver  ARB.  FT-Q& 
SAMPLING  DATE(S)_£ZSZE - 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  TF~  (L 


REASON  FOR  SAMPLING:  M  Regular  Sampling;  [  ]  Special  Smpling; 

DATE  AND  TIME  OF  SAMPI^:  - .  19 - n!!!!vpr 

SAMPLE  COLLECTED  BY:  /^)i/MV  - of  Jarsons  ES.  Pcnvcr- 

WPATHF.R-  r 


(number) 


l^/jgATUPP-  fUvI.j  ( - - - -  -- 

DATUM  FORWATEk^®rH  MEASUREMENT  (Describe): JEQC 


MONITORING  WELL  CONDITION: 

(  1  LOCKED: 

WELL  NUMBER  (IS APPARENT  ,  - 

STEEL  CASING  CONDITION  IS: _ Cxs^  0^;>^  QQ 

INNER  PVC  CASING  CONDITION  IS:  - - - 

— - .  oTTnt?x>ixnvrr  riATT TX^yrOlS  NOTi  APPARENT 


Check  o  equipment  CLEANED  BEFORE  USE  WITH — 7^0,5/*^ 

^  ^  Items  Cleaned  (List): _ 


2[1 


PRODUCT  DEPTH 


filA. 


FT.  BELOW  DATUM 


Measured  with:  Ai%. 


WATER  DEPTH  UJi.  IT-O  ( 1 - (T-  BELOW  DATUM 

Measured  with-  utu»  *- «- — - 


WATER-CONDITION  BEFO^  WELL  EVAOpATION  (Describe): 

'  Appearance: _ ^ - - - - 7-7-7 

r>H»r-  cr  Ve.nf  oiJ 

Other  Comments: _ _ _ _ _ — - 


4[] 


iVELL  EVACUATION 
Method: 


(}ry-x.r^ef/rr<  /jjcA.! 


Volume  Removed: _  - - — ^  . - 

Observations:  Water  (sli^tly  -  very)  cloudy  cfcoJy  , 


Water  level  (rose  -  fell  -  no  change) 
Water  ndnrs:  ^ 

Other  comments: _ 


pH 

,t>4 

lo^l 

/V 

pH 

low 

.’"'A' 

0.59 

m:\forms\gwsample.doc 

Page  1 

of  2 

//'^  p>Ot 

//.^  0>HS 

Tcv)-)/)  //-^ 

/,.7 


Ground  Water  Sampling  Record  -  Monitoring  Well  No, _ W  (Confd) 


5[] 


SAMPLE  EXTRACTION  METHOD: 


[yO  Bailer  made  of:  t\  D  P  ^ 
[  ]  Pump,^:_ 

[  ]  Other,  describe: _ 


6[  1 


Sample  obtained  is  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp: _ I  (.9  °  _C 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen:  D»V4 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other _ 


Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 


C>rf  rr\ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[] 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 


Filtration: 

Method 

Containers: 

Method 

Containers: 

* 

Method 

Containers: 

[  ]  Preservatives  added: 


Method. 

Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 


in:\forms\gwsample.doc 


Page  2  of 2 


SAMPLING  LOCATION  I 


- — X IWIN  ■  ’  I 

SAMPLING  DATEfS) 

groundwater  SAMPLING  RECOM)-MONITOIUNGWELiyPOINT  ’T?- 

tit?  A  ^  . 


MONITORING  WELL  CONDITION: 

STEEL  CASING  CONDITION  IS:  ^ 

INNER  PVC  CASINO  POMrnrrmvT  rc.  cr^  .  ^ 

Iapparent 


Check-ofif  _ _ _ _ _ ^ 

1  [  ]  equipment  CLEANED  BEFORE  USE  WITH  Pu  ^ 

Items  Cleaned  (List): -  n  r ,  «W  ^ 

- ; — -  y>A».  T  4  £>  g  -  rvTff 

2  [  ]  LNAPL  DEPTH 


WATER  DEPTH. 

Measured  with:_ 

3[  1  WATER<:ONDmON  BEFORE  WELL  EVACUATION  (Describe)- 

Appearance:, 

Odon_  ^eyj 
Other  Comments:. 

41  J  WELL  EVACUATION: 

Method:  2.-^-Wg 

Volume  Removed: _ \’^ 

Observations:  ^ter(0ghtly.veiy)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  /i  oyJL 


Other  comments: 


5[  1  SAMPLE  EXTRACTION  METHOD; 


[  ]  Bailer  made  of: _ 

[  J  Pump,  type:_ 

[  1  Other,  describe:_ 


Sample  obtained  is  [  ]  GRAB;  [  ]  COMPOSITE  SAMPLE 


6  [  ]  ON-SriE  MEASUREMENTS: 

Temp:  /Vv  V 
pH: _ 6 .  to 


Condactivi^ 

Dissolved  Oxygen:  ^  ■  V  /  ha. 

Redox  Potential: _ 

Salinity; _ 

Nitrate: 


fA 


Sulfete; _ 

Ferrous  Iron: 


Other 


Measured  with 
Measured  with 
Measured  with, 
h^asuiedwith 
Measured  with 
Measured  with. 
Measured  with. 
Measured  with. 
Measured  with 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  (  ]  ON-Srre  SAMPLE  TREATMENT; 

[  ]  Filtration:  Method 

Method _ 

Method _ 


t  ]  Preservatives  added: 

Method. 

Method. 

Method. 

Method 


9[  1  CONTAINER  HANDLING; 


Containers:. 

Containers:. 

Containers: 


Containers;. 

Containers:. 

Containers:. 

Containers; 


[  ]  Container  Sides  Labeled 

[  j  Container  Lids  Taped 


( I 

Containers  Placed  in  Ice  Chest 

10  (  ]  OTHER  CQM^SStS: 

1  2. 

iO  APtUL.  \ 

/ 

s%o  ) 

(  Prt 

7-14 

7  -  / 

_ _ 

50 

oc>  y 

^  ^  _ - 

SAMPLING  LOCATION  ll/6 

O  A  11  AT%V  A  — *  ’ 


(number) 


SAMPLING DATC(S)_ 

groundwater  sampling  record  -  MONTTORING  WELL/POINT  "X'f  ~  \  ft 

M  Regular  Sampling;  (  J  Special  sampling- 
DATE  AND  TIME  OF  SAMPLING:  nhb  l  W  /?  “J  ^ 

SAMPLE  COLLECTED  BY'  - - 

WEATHER:  P.  6/^:7^  -  -  — 

DATUM  FOR  WATER  DEPTH  l^ASUREMENT  (Describe):. 

MONITORING  WEIX  CONDmObL 

W  UNLOCK]^ 

WELL  NUMBER  IS'NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  £ 

INNER  PVC  CASING  CONDITION  IS: 


[  1  MONITORING  WELL  REQUIRED  REPAIR  (describe):  _ _ 


Check-off 

1  [  1  equipment  cleaned  BEFORE  USE  WITH  Pl 

Items  Cleaned  (List): _ 


fAe-  _ 


2[  1  LNAPL  DEPTH 


AJ  P 


Measured  with: 


JFT.  BELOW  DATUM 


WATERDEPTH. 
Measured  with: 


JFT.  BELOW  DATUM 


3  [  ]  WATER-CONDmON  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  r!  /«> . 

Odor _ 


Other  Comnients:_ 
4[  ]  WELL  EVACUATION: 


ApyiC 


Method:  ^ _ 

Volume  Removed:  JO 

Observations:  Water  (^^tly  -  very)  cloudy 

Water  level  (rose  -  fl^  -  no  change) 

Water  odors:  ^  t>yiA _ 

Other  conunents: 


5[  1  SAMPLE  EXTRACTION  METHOD: 


n 


Bailer  made  of:  HDPIl 
]  Pump,  type:_ 

[  i  Other,  describe:_ _ 


Sample  obtained  is  [  J  GRAB;  (  ]  COMPOSITE  SAMPLE 


6[ 


}  ON-Srm  MEASUREMENTS: 

Temp:  /3 .  f  °  c~ 

pH: _ 7.  4^9 

?  Conductivity:  ^ _ 

Dissolved  O^g'gen: 

Redox  Potential: _ 

Salinity:  _ _ 

Nitrate: _ _ 

Sul&te: _ 

Ferrous  Iron: _ 

Othen  • 


Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with. 
Measured  with. 
Measured  with 
Measured  with. 


7  [  J  SAMPLE  CONTAINERS  (material,  nuniber,  size):. 


8  (  1  ON-SITE  SAMPLE  TREATMENT: 


I  1  Filtration:  Method _  Containers: 

Method _  Containers:. 

Method _  Containers:. 


[  ]  Preservatives  added: 

Method _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 

Method _ Containers:. 


9  (  1  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  j  Container  Lids  Taped 

[  j  Containers  Placed  in  Ice  Chest 


10  [  J  OTHER  COMMENTS: 


SAMPLING  LOCATION  f^TA 

SAMPLING  DATC(S)_^S^lL^f^ 

GROUNDWATER  SAMPLING  RECORD  -  MONITORING  WELL/POINT  7 _ 


Regular  Sampling;  {  ]  Special  Sampline 
DATE  AND  TIME  OF  SAMPLING:  ,19 


MEASUREMENT  (Describe):.  QtJf 


MONITORING  WELL  CONDITION: 

[  1  LOCKED: 
WELL  NUMB 


- - IS  NOT)  APPAR]^. 

STEEL  CASING  TONDmON  IS: 

INNER  PVC  CASING  CONDITION  IS: /^tp  y( 


UNLOCaCED 


(number) 


I  1  monitoring  WELL  REQUIRED  REPAIR  (describe): _ _ _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH  AK 


T.  .  A.  — fe<r.<ifpy  -f 

Items Qeaned (List): 


2[  ]  LNAPLDEPTH 


MA. 


Measured  with; 


WATERDEFIH. 
Measured  with: 


3[  ]  WATER-CONDmON  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  _ 

Odor _ _ ^____ 

Other  Comments: _ 


4[  ]  WELL  EVACUATION: 

Method:  )'v>L/ifi»/rvA 
Volume  Removed; 
Observations; 


Watey(s!ighSy-  very)  clourfy 
Water  level  (rose  -  fell  -  no  change) 

Water  odors:  A-Iju..  ^ _ _ 

Other  comments: _ 


.FT.  BELOW  DATUM 


FT.  BELOW  DATUM 


5  [  1  SAMPLE  EXTRACTION  METHOD: 


Bailer  made  of: _ 

I  ]  Pump, 

[  ]  Other,  desctibe:_ 


Sample  obtained  is  ^  GRAB;  [  ]  COMPOSITE  SAMPLE 


6  [  1  ON-SITE  MEASUREMENTS: 

Temp:  |S.2.  ° 

pH: _ 

Conductivity: _ 

Dissolved  Cbqfgen: 

Redox  Potential: _ 

Salini^ _ 

Nitrate: _ 

Sulfete:  _ _ 

Ferrous  Iron: _ 

Other _ 


Measured  with:  vnx 

Measured  with: _ 

Measured  with: _ 

Measured  with: 

Measured  with: _ 

Measured  with: _ 

Measured  mth: _ 

Measured  with: _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  J  ON-SITE  SAMPLE  TREATMENT: 

[  ]  Hltradon:  Method 

Method _ 

Method _ 


( ]  Preservatives  added: 

Method. 

Method. 

Method. 

Method 


9  [  1  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  (  1  OTHER  COMMENTS: _ 


Containers: 


Contmners:_ 

Containers: 


Containers:. 

Containers:. 

Containers:. 

Containers: 


SAMPLING  LOCATION T?ey  jCrra 
SAMPLING  DATEfSI 


GROUNDWATER  SAMPLING  RECORD  -  MONITORING  WELL/POINT  TP-2.  A 

M  Regular  Sampling;  [  J  Special  sampling* 

DATE  AND  TIME  OF  SAMPLING:  .19  /p3^ 

W^A1HER._^>,  _ _ 

DATUM  FOR  WATEfe  DEPTH  K^UREMENT  (Describe):  A).,yL  ^  f0/:~ 


(number) 


M  UNLOCKED 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  M 

WELL  NUMBl^^-  IS  NOTO  APPAldOT 
STEEL  CASING  CONDITION  IS:  Hr  itjcf 
INNER  PVC  CASING  CONDITION  IS:  (QW 


TV^  wljauNVJ  lO!  iVOtXf 

[  1  MONTIORING  WELL  REQUIRED  REPAIR  (describe): _ _ 


Check-off 


1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Qeaned  (List):  V  /T,  j  ,  _ 

- - IpkMr  rf/krj^-drd  ^ 


2[  ]  LNAPLDEPTH 


77^ 


Measured  with: 


_FT.  BELOW  DATUM 


WATER  DEPTH 
Measured  with: 


.FT.  BELOW  DATUM 


31  ]  WATER-CONDmON  BEFORE  WELL  EVACUATION  (Describe)* 

/  /  KJn^i  <  ^  ^ 


Other  Comments: 


4t  ]  WELL  EVACUATION: 

Method: _ _ 

Volume  Removed:  lO  _  _ _ 

Observations: 

Water  level  (rose  -  fell  -  no  change) 
Water  odors: 

Other  comments:  Lh  rryyny  77  j. 


5[  1  SAMPLE  EXTRACTION  METHOD: 


Bailer  made  of;_ 
(  ]  Pump, 

[  I  Other,  describe:. 


Sample  obtained  is  GRAB;  [  1  COMPOSITE  SAMPLE 


6  [  ]  ON-SriE  MEASUREMENTS: 

Temp:  °  iL. 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen:  LV 

Redox  Potential: _ 

Salini^ _ 

hfitrate: _ 

Sul&te: _ 

Ferrous  Iron: _ 

Other _ 


Measured  with: 

Measured  with: _  . 

Measured  with: _ 

hfeasuredwith:r>ii»v>  g-V/J 

Measured  with: _ 

Measured  with: _ 

Measured  mth: _ 

Measured  with: _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (mateiiaL  number,  size):. 


8(  ]  ON-SriE  SAMPLE  TREATMENT: 

(  ]  Filtration:  Method _ 

Method _ 

Method _ 


[  ]  Preservatives  added: 

Method _ 

Method _ 

Method _ 

Method _ 

9  [  ]  CONTAINER  HANDLING: 

(  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

(  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS:_ _ 


Containers:. 

Containers:. 

Containers: 


Containers:. 

Containers:. 

Containers:. 

Containers: 


SAMPLING  LOCATION 
SAMPLING  DATE(S)_ 


GROUNDWATER  SAMPLING  RECORD  -  MONITORING  WELL/POINT  Tf^~3 


^ASON  FOR  SAMPLING:  K1  Regular  Sampling;  (  ]  SpecialSampIing- 
DATE  AIRTIME  OF  SAMPLING:  ll  ll>  19^/1  /FOG 

SAMPLE  COLLECTED  BY;  nf  - -  uL/paa 

WEATHER:  P,  ClTTX 


DATUM  FOR  WATER  DEPTH^ksUREMEOT  0)<scribe): 


dTFD^ 

-7//^/U 


(number) 


MONITORING  WELL  CONDITION:  “  - - 

(  1  LOCIOED:  Dq  UNLOCKED 

WELL  NUMBER  IS  NOT)  APPARENT-  7 

STEEL  CASING  CONDITION  IS: 

INNER  PVC  CASING  CONDITION  IS: 


WATERDEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
(  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
(  1  monitoring  WELL  REQUIRED  REPAIR  (describe): _ _ _ 


Check-off  ■  - - 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH  IS"  >v..~a  -  4 

Items  Cleaned  (List): _ -r>  nO  <5;  —  f^~r~ 


2[  ]  LNAPL  DEPTH 


lOH 

Measured  with: _ 

WATER  DEPTH  _ 
Measured  with: 


.FT.  BELOW  DATUM 


.FT.  BELOW  DATUM 


31  ]  WA-DER-CONDrnON  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  3 ) . «; 


Odor 


Other  Coimnents: 


4(  1  WELL  EVACUATION: 

Method:  O  —  S  _ 

Volume  Removed:  "tS  Qa 

Observations:  Water  (Sightly  -  very)  cloudy 

Water  level  (rose  -  no  change) 

Water  odors:  A  o-w^o  _ 

Other  comments: _ _ 


5[  ]  SAMPLE  EXTRACTION  METHOD: 


5cl  Bailer  made  of:  ^  ^ 

f  ]  Pump, 

[  1  Other,  dcscribe:_ _ 


Sample  obtained  is  [  1  GRAB;  [  ]  COMPOSITE  SAMPLE 


6[  1 


ON-SITE  MEASUREMENTS: 

Temp:  /2..  C»  «»  C 

pH:  -7.  72- _ 

Conductivi^  Sy  O  jusf c  >i/» 
Dissolved  (hygen:  9,  ( 6  i_ 

Redox  Potential:  b  vw 

Salinity: _ 

Nitrate: _ 

Sul&te:  ^ _ 

Ferrous  Iron:  _ _ 

Other _ 


Measured  with 
Measured  with 
Measured  with. 
Measured  with 
Measured  with. 
Measured  mth. 
Measured  with. 
Measured  with. 
Measured  with. 


7  [  ]  SAMPI£  CONTAINERS  (material,  number,  size):. 


8(  1  ON-SITE  SAMPLE  TREATMENT: 


[  ]  Filtration:  Method _  Containers:. 

Method _  Containers:. 

Method  Containers:. 

(  ]  Preservatives  added: 

Method _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 

Method _  Containers: 


9  (  ]  CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  j  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


10  (  1  OTHER  COMMENTS;_ 

pick's 


-  q-lS 


la. 

^■93 _ 


9jr 


SAMPLING  LOCATION 
SAMPLING  DATEfSI  /gg 


groundwater  SAMPLING  RECORD  -  MONITORING  WELL/POINT  77^  -  y 


REASON  FOR  SAMPLING:  Regular  Sampling;  [  ]  Special  Sampling- 

DATE  AND  TIME  OF  SAMPLING:  1  /I  19  qc  /y.-op  a.m./i®i 

SAMPLE  COLLECTED  BY:  0“  ^ 

WEATHER:  P  “  ^  I  *1*.  4^  - 


(number) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 


Oft  Cas/mG 


MONITORING  WELL  CONDITION:  - - - 

[]  LOCKED:  M  UNLOCKED 

WELL  NUMBER  flS^IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  B: 

INNERPVC  CASING  CONDITION  IS:  Ha  v  (L 


WATER  DEPTH  MEASUREMENT  DATUM  ((S^IS  NOT)  APPARENT 
(  ]  DEHCIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
(  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WnH_ 

Items  Cleaned  (List): _ 


*TiVP  -  I  ^  CIV 


py  -  (  tAA.t»». 


2(  ]  LNAPL  DEPTH 


Measured  with: 


JFT.  BELOW  DATUM 


WATER  DEPTH 
Measured  with: 


FT.  BELOW  DATUM 


3[  ]  WATER-CONDmON  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  P I  o<xr  _ _ 

Odor _ _ 

Other  Conunents: _ 


4[  ]  WELL  EVACUATION: 

Method: _ '7^-  S  f-ia,  c.  e.  _ 

Volume  Removed: 

Observations:  Water  (^hdy  -  very)  cloucfy 

Water  level  (rose  -  en  •  no  change) 
Water  odors:  At  o-yo? 

Other  comments:  _ 


5  [  1  SAMPLE  EXTRACTION  METHOD: 


n 


Bailer  made  of:_ 
1  Pump,  ^pe:_ 

[  ]  Other,  describe:^ 


HOP& 


Sample  obtained  is  [  ]  GRAB;  [  J  COMPOSITE  SAMPLE 


6  [  1  ON-Srm  MEASUREMENTS: 

Tcmp:__/^f_“ 

pH: _ _ 

Conductivity:  to  tO 

Dissolved O^grgen:  1 9 

Redox  Potential:  i3t 

Salinity: _ 

Mtrate: _ 

Sul£ite: _ 

Ferrous  Iron: _ 

Other _ 


Measured  with 
Measured  vrith 
Measured  with. 
Nfeasuredwith 
Measured  with. 
Measured  with. 
Measured  with. 
Measured  with. 
Measured  widL 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  1  ON-SITE  SAMPLE  TREATMENT: 


[  ]  I^tration:  Method. 

Method. 

Method 


Containers:. 

Containers:. 

Containers: 


[  ]  Preservatives  added: 


Method. 

Method. 

Method. 

Method 


Ck>ntainers:. 

(Containers:. 

Containers:. 

(Contmners: 


9  (  ]  CONTAINER  HANDLING: 


[  1  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  j  Containers  Placed  in  Ice  Chest 


10  [  ]  OTHER  COMMENTS: 
_ _ 


4-  <3 


n.3 


(ot 


-- 


At  do  A  ^  i 


0.7 


SAMPLING  LOCATION  TfX 

SAMPLING  DATEfSI  jj  1C,  fc 

GROUNDWATER  SAMPLING  RECORD  -  MONITORING  WELL/POINT. _ 


REASON  FOR  SAMPLING:  Regular  Samj 
DATE  AND  TIME  OF  SAMPLING:  7  /  /  ^ 
SAMPLE  COLLECTED  BY:  yu  %/  ^ 

WEATHER:  f*-  Cl 

DATUM  FOR  WATER  DEPTH  ME^ 


ipling;  [  ]  Special  Sampling; 

_ » 193^  /7»o»  a.ni./p.in. 

_ j _ _of_ 

- 


(number) 


'UREMENT  0)escribe):_ 


MONITORING  WELL  CONDITION:  ^  - - 

(  1  LOCKED:  [  j  unlocked 

WELL  NUMBER  (IS -IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ 

INNER  PVC  CASING  CONDITION  IS: 


r  ,  WATERDEPTH  MEASUREMENT  DATUM  aS  -  IS  NOT)  APPARENT 

[  1  DEFICIENCIES  CORRECHED  BY  SAMPLE  COLLECTOR 
(  1  monitoring  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off  - 

1  (  ]  equipment  CLEANED  BEFORE  USE  WITH  'P*cv^P-  IT 

Items  Cleaned  (List):  _ 


■5T»^tSLe:  4 


2  (  ]  LNAPL DEPTH  /Qp  - 

Measured  with:_ _ 

WATERDEPTH  _ _ 

Measured  witli:_ _ 

3(  ]  WATER-CONDITTON  BEFORE  WELL  EVACUATTON  (Describe): 

Appearance:  €  _ 

Odor  _ 

Other  Comments: _ _ 

4[  ]  WELL  EVACUATTON: 

Method:  '2-6  4-«a.c.£  Pu.^  _ 

Volume  Removed:^ _ _ 

Observations:  Water  @ghtly  -  veiy)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: 


.FT.  BELOW  DATUM 


.FT.  BELOW  DATUM 


5[  1  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _  ^ _ 

(  ]  Pump,^:_ 

(1  Other,  describe:  _ 

Sample  obtained  is  (  ]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  1  ON-SITE  MEASUREMENTS: 

Temp:  /  2  ,  0.  Measured  with: _ 

pH:  Measured  with: 

Conductivity:  Measured  with: _ 

Dissolved  Oxygen:  r^fi-  Measured  vnth: _ 

Redox  Potential:  Measured  with: _ 

Salinity: _  Measured  with: _ 

nitrate: _  Measured  with: _ 

Sul&te: _  Measured  with: _ 

Ferrous  Iron: _  Measured  with: _ 

Other  _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  1  ON-SITE  SAMPLE  TREATMENT: 


[  ]  Filtration:  Method. 

Method. 

Method. 

[  ]  Preservatives  added: 


Containers:, 

Containers:. 

Containers: 


Method. 

Method. 

Method. 

Method 


9(  1  CONTAINER  HANDLING: 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


10  (  1  OTHER  COMMENTS:_ 

_iS _ 

— _ Ptf 

b.rs 

- 

^.9£i 

- rjtJiTX 

32..^ 

33,3 

00 

S'ST-o 

12.'$ 

/z.y 

SAMPLING  LOCATION  Tr^  PtA 

SAMPLING 


groundwater  SAMPLING  RECORD  -  MONITORING  WELL/POINT  -rP^'7 


MONITORING  WELL  CONDITION: 

^  [VUNLOCKED 

WELL  NUMBER  (m  IS  NOI)  APPARBOT 

STEEL  CASING  CONDITION  IS: 

onisTcS^/ 


[  1 


inner  PVC  CASING  CONDITION  I&  ^ 

MONTTOP  TNirj  wnr  T  'D’D/^Tnnrrrk  r»TTrfc  a  t  t  ■ 


-rji  - D/uvirjutiiJUlJLliCrrOR 

yi  MONITORING  WELL  REQUIRED  REPAIR  (describcl:  Ah>A<i  / 


Check-off 


1  [  ]  equipment  cleaned  before  USE  WITH  Ahjy^cyc  ♦  p. ,  J  <  /  /  _ 


2  [  I  LNAPL  DEPTH 


3a; 


Measured  with: 


_FT.  BELOW  DATUM 


WATERDEPTO. 
Measured  with: 


_FT.  BELOW  DATUM 


31  ]  WATER-CONDmON  BEFORE  WELL  EVACUATION  (Describe)- 

Appearance: 

Odon. _ 


Other  Comments: 


41  ]  WELL  EVACUATION:  _ 

Method:  C^w^rfk^d^ 


Volume  Removed: 
Observations:  Wate: 


>  very)  cloudy 
Water  level  (rose  -  fell  -  no  change) 

Water  odors:  _ 

Other  comments: 


5{  1  SAMPLE  EXTRACTION  METHOD: 


Bailer  made  of:. 
'[  1  Pump,type:_ 

[  ]  Other,  describe:. 


6[1 


Sample  obtained 


GRAB;  (  1  COMPOSITE  SAMPLE 


ON-Srm  MEASUREMENTS: 

Temp:J2.V  ^ 

pH:  Cfr,rJ££j 


Conductivity:  _ 

Dissolved  Oxygen:  5^ 
Redox  Potential:  _ _ 


Salinity: 


Nitrate: _ 

Sulfiite: _ 

Ferrous  Iron: 
Other _ 


Measured  with. 
Measured  with 
Measured  with. 
Measured  urith. 
Measured  with. 
Measured  with. 
Measured  inth. 
Measured  with. 
Measured  with. 


Yss  sji 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):^ 


8[  1  ON-Srm  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ]  Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

(  ]  Containers  Placed  in  Ice  Chest 

10  [  1  OTHER  COMMENTS: 

SAMPLING  LOCATION  FTT^ 

SAMPLING  DATEfSI 

GROUNDWATER  SAMPLING  RECORD -MONITORING  WELL/POINT  TF*8 


[  1  LOCKED:  ^  [^UNLOCKED 

WELL  NUMBER  q^IS  NOT)  APPARHOT 
SIEEL  CASING  CONDITION  IS: 

- 


[  ] 


INNER  PVC  CASING  CONDITION  IS: 


^  MONITORING  WELL  REQUIRED  REPAIR  fdescrihftV 


Check-off  - - — — - - 

1[  ]  equipment  CLEANED  BEFORE  USE  WITH  AltA>^tHL  Oukl^J I.U 

Renu:  Ocaned  (List):_.a^/^^.tX^vA  )  ^ 


2[  ]  LNAPL  DEPTH 


-  /1/A 
Measured  with: 


.FT.  BELOW  DATUM 


WATER  DEPTH _ _ 

Measured  with: 

31]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  Alfjo/-  _ 

Odor  /Vi>yTi  ~ 

Other  Conunents: _ 

4 1  ]  WELL  EVACUATION: 

- f^uifnfcdi  _ 

Volume  Removed:_  -IS. _ _ 

Observations:  Water  (slightly  -  veiy)  cloucfy  CJcc^ 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  _ 

Other  conunents: 


.FT.  BELOW  DATUM 


5[  ]  SAMPLE  EXTRACTION  METHOD: 


Bailer  made  of: _ 

[  J  Pump,  lype:_ 

(  j  Other,  describe:_ 


Sample  obtained  is  [  ]  GRAB;  [  ]  COMPOSITE  SAMPLE 


6  [  1  ON-SriE  MEASUREMENTS: 

Temp:  //,  v  ”  C _ 

pH: _ 

Condoctivi^ _ 

Dissolved  Oxygen:  y.  to3 

Redox  Potential: _ 

Salinity: _ ’ 

hhtiate: _ 

Sul&te: _ ■ 

Ferrous  Iron; _ 

Other  ^ _ 


Measured  with:_ 

Measured  with; _ 

Measured  with: _ 

Measured  with:  55 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  wide _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (materiaL  number,  size):. 


8[  ]  ON-SriE  SAMPLE  TREATMENT: 


[  1  Filtration:  Method 

Containers:. 

Method 

Containers:. 

Method 

Containers;. 

[  ]  Preservatives  added: 

Method 

Containers;. 

Method 

Containers:, 

Method 

Containers:, 

Method 

Containers:, 

9[  1  CONTAINER  HANDLING; 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

10  [  1  OTHER  COMMENTS: 

( 


SAMPLING  LOCATION  hTA 


SAMPLING  DATEfSI  Thjj^Kr, 


GROUNDWATER  SAMPLING  RECORD  -  MONITORING  WELL/POINT 


1/^1  Regular  Sapling;  {  J  Special  Samplins* 
SAMPLING:  ^1)71^  19 


(number) 


MONITORING  WELL  CONDITION: 

[  JJLCKaOED:  ^  M  UNLOCKED 

WELL  NUMBER(feyiS  NOT)  APPAR]^ 

STEEL  CASING  TONDmON  IS:  (Styvi' 

INNER PVC CASING CONDITIONIS: 


MONITORING  WELL  REQUIRED  REPAIR  (described:  _ 


Che^-ojGf 


ip  EQUIPMENT  CUBANED  BEFORE  USE  WITH  ^  Ak  ^ 


Items  Cleaned (List):_^^^ 


2[  J  LNAPL  DEPTH 


-NA 


Measured  with: 


JFT.  BELOW  DATUM 


WATER  DEPTH. 
Measured  with: 


_FT.  BELOW  DATUM 


3[  ]  WATER-CONDmON  BEFORE  WELL  EVACUATION  (Describe)- 


Other  Comments: 


4  (  ]  WELL  EVACUATION: 

Method:  Elv.vr/iAvi  Pi^p 


Volume  Removed:^ _ _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 
Water  odors: _ 


Other  comments: 


5(  1  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:^ _ _ _ 

(  ]  Pump, 

(  ]  Other,  describe:_ _ 

Sample  obtained  is  (  J  GRAB;  [  ]  COMPOSITE  SAMPLE 


6[  ]  ON-SITE  MEASUREMENTS: 

Temp:  //,  C 

pH: _ 

Conductivi^ _ 

Dissolved  Oxygen:  /,g6 

Redox  Potential: _ 

Salinity:  _ _ 

Nitrate: _ 

Sul&te: _ 

Ferrous  Iron: _ 

Other _ 


Measured  with:  V-SX  $$ 

Measured  with: _ 

Measured  with: _ 

Measured  with:  VS-jT  SIS 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  1  ON-SriE  SAMPLE  TREATMENT: 


[  ]  Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ]  Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers:, 

9  [  ]  CONTAINER  HANDLING: 

(  ]  Container  Sides  Labeled 

(  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest . 

10  (  1  OTHER  COMMENTS: 

SAMPLING  LOCATION 
SAMPLING  DATCfS) 


GROUNDWATER  SAMPLING  RECORD  -  MONITORING  WEll/POINT  ~TF-I7- 


^^ON  FOR  SAMPLING:  M  Regular  Sampling;  (  ]  Special  Sampling; 

iSlVS'  a.m./D-3B 

SAMPLE  COLLECTED  BY:  tM\j  ^ 

WEATHER: _  fi.  C/, 

DATUM  FOR  WATER  DEPTH  MEAS 


(number) 


JSUREME 


NT  (Describe):, 


MONITORING  WEUL  CONDITION:  '  ^ 

{  1  LOCKED:  (  )  UNLOCKED 

WELL  NUMBER  (IS -IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ 

INNER  PVC  CASING  CONDITION  IS: 


WATERDEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  1  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  1  monitoring  WELL  REQUIRED  REPAIR  (describe); _ 


Check-ofif 


1(  ]  equipment  OUEANED  BEFORE  USE  WITH  Pv^u>~  j 

Rems  Cleaned  (List):  lUt  Le-  i^S  £yzz 


2[  ]  LNAPL  DEPTH 


- - 

Measured  with; 


JFT.  BELOW  DATUM 


WATERDEPTH 
Measured  with: 


FT.  BELOW  DATUM 


3  [  J  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  _ 

Odor; _ /itrnA.  ' 

Other  Comments: _ _ _ _ 

4[  ]  WELL  EVACUATION: 

Method:  _ _ _ 

Volume  Removed: _ EZ.  Gp,  <.  tovj  s _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  - 1^)-  no  change) 

Water  odors:  v(o-v^ _ 

Other  comments:  _ 


.. 


Vv.  • 


5  (  ]  SAMPLE  EXTRACTION  METHOD: 

Pf]  Bailer  made  of: 

(  ]  Pump,  lype:_ 

(  1  Other,  desciibe:_ _ 


Sample  obtained  is  [  ]  GRAB;  [  )  COMPOSITE  SAMPLE 

6[  1  ON-Srm  MEASUREMENTS: 

Temp:  /Z,  C>  °  C  Measured  with: _ 

pH:  « 9:? _  Measured  with: _ 

Conductivity:  Z^D  Measured  with: _ 

Dissolved  Oxygen:  /h^J/  Measured  with: _ 

Redox  Potential:  4i  t9.  6  /»i^  Measured  with: _ 

Salinity:  ’ _  Measured  with: _ 

hfitrate: _  Measured  wth: _ 

Suli&te: _  Measured  with: _ 

Ferrous  Iron: _  Measured  with: _ 

Other _ 


7  (  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  1  ON-SITE  SAMPLE  TREATMENT: 

r  1  Filtration:  Method 

Containers:. 

Method 

Containers:. 

Method 

Containers:. 

(  ]  Preservatives  added: 

Method 

Containers:. 

Method 

Containers:, 

Method 

Containers:. 

Method 

Containers:. 

9[  ]  CONTAINER  HANDLING: 

(  ]  Container  Sides  Labeled 

(  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  (  ]  OTHER  COMMENTS: 

1"^ 

/ 

DCs 

9.;? 

9.  q 

pu 

7/^/ 

7,9/ 

7.9a 

‘liO 

2.10 

2do. 

h/S-T-M 

//6 . 2^ 

f2.^ 

/?./ 

h.9 

SAMPLING  LOCATION  {^’TFTA^r^i^ 

55AMPI  rNirt  ATTCT/ox  f  yJ^  - 


- t  / 

SAMPLING  DATEIS)  *7^^ 

groundwater  sampling  record  -  MONITORING  WELL/POINT  4  ? 


SAMPLE  COLLECTED  BY-  a.  J~  /  - -  ^  a.in./p.in. 

WEATHER:  f>.  C4>^jr  " - 

mi 


(number) 


DATUM  FOR  WATER DEPIHMEAStmEMENT  (Describe): 


MONITORING  WELL  <X)NDmON: 

f  1  LOCKED:  r  i  iiMTXlCK'Pn 

WELL  NUMBER  OS-  IS  NOT)  APPAR]^ 

STEEL  CASING  CONDITION  JB: _ 

inner  PVC  casing  condition  IS: 


(  ]  monitoring  well  REQUIRED  REPAIR  (describe): 


Check-ojBT 


.  I  )  . 


2[  ]  LNAPL  DEPTH 


Measured  with: 


JFT.  BELOW  DATUM 


WATER  DEPTH. 
Measured  with: 


_FT.  BELOW  DATUM 


3[  J  WATER-CONDITTONBEFOREWELLEVACUATTON (Describe)- 

AH)earance:. 

Odor _  * 


Other  Conunents:_ 
4(  ]  WELL  EVACUATION: 


Method: _ _ _ 

Volume  Removed:  2-2.  ^ a~ 


Observations:  Water  (sU^ily  -  veM  cloudy 

■  CU  -  no  cl] 


Water  level  (rose 

Water  odors: _ 

Other  comments: 


change) 


5[  ]  SAMPLE  EXTRACTION  METHOD; 

[  ]  Bailer  made  of: _ 

(  ]  Puinp,typc:_ 

(  ]  Other,  dcscribc:_ 


Sample  obtained  is  [  J  GRAB;  [  J  COMPOSITE  SAMPLE 

6  [  1  ON-SITE  MEASUREMENTS: 

Temp:  /z .  /  °  Q.  Measured  mth; _ 

pH:  7r  9  y _  Measured  with: _ 

Conductivity:  Measured  with: _ 

Dissolved  Oxygen:  j.  6S  Measured  with: _ _ 

Redox  Potential:  'f/ZZ,o  Measured  vnth: _ 

Salinity:  Measured  with: _ 

Nitrate: _  Measured  with: _ 

Sul&te: _  Measured  with: _ 

Ferrous  Iron: _  Measured  with: _ 

Other _ _ • 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  1  ON-SITE  SAMPLE  TREATMENT: 


[  ]  Filtration:  Method. 

Method. 

Method 


Containers:. 

C!ontainers:. 

Containers: 


[  ]  Preservatives  added: 


Method. 

Method. 

Method. 

Method 


Containers:. 

Containers:. 

Containers:. 

Containers: 


9  [  1  CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

(  ]  Container  Lids  Taped 

[  j  Containers  Placed  in  Ice  Chest 


10  [  ]  OTHER  COMMENTS: 

A?  (r>ALLi>^ 

/  2  /tit 

i)-  ^ 

Ct>y^ 

S6d 

390 

■A  12.-^,^ 

/Zi.z. 

fht 

l.esr 

r- 

/2.'Sf 

fZ.3 

SAMPLING  LOCATION  CTF'TA 
SAMPLING  DATEfS) 

GROUNDWATER  SAMPLING  RECORD  -  MONITORING  WELL/POINT _  Tf'  /¥ 


W  Rfigulai^pling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  l^'7/f£,  199A  o 

SAMPLE  COLUECTED  BY:  ^  Qf  •nt/pSi 

WEATHER: _ 


(number) 


WJCAlJtUJK:^ _ A',  c  /'^c^  ^a* 

DATUM  FOR  WATER  DEPTH  MEASUREkSit  (Describe):. 


MONITORING  WELL  CONDITION:  ~ 

(  1  LOCKED:  (  1  UNLOCKED 

WELL  NUMBER  (IS -IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ 

INNER  PVC  CASING  CONDITION  IS: 


r  1  rut:^ . .  WATER  DEPTH  MEASUREMENT  DATUM  as -IS  NOT!  APPARENT 

(  ]  DEFICIENCaES  CORRECTED  BY  SAMPLE  COLLECrrOR 
I  1  monitoring  WELL  REQUIRED  REPAIR  (describe)- _ 


Check-off 

1(  ]  EQUIPI^NT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (List): _ | 


2(  J  LNAPL  DEPTH 


/U  P 

Measured  with:  _ 


.FT.  BELOW  DATUM 


WATER  DEPTH 
Measured  with: 


.FT.  BELOW  DATUM 


31  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  describe): 

Appearance: 

Odor  * 

Other  Comments:_ _ _ _ _ _ 

41  ]  WELL  EVACUATION: 

Method: _ •'Z-  -  S ^  _ _ 

Volume  Removed:  2-^ 

Observations:  Water  (^^hOy  -  veiy)  cIou<fy 

Water  level  (rose  -  -  no  change) 

Water  odors: 

Other  comments: 


5[  ]  SAMPLE  EXTRACTION  METHOD; 


1)4  Bailer  made  of:  M  .Q  _ 

C  1  Pump, 

[  ]  Other,  describe:_ _ 

Sample  obtained  is  [  ]  GRAB;  (  J  COMPOSITE  SAMPLE 


6(  1  ON-SriE  MEASUREMENTS: 

Temp:  /S.^ 
pH:  7. 5^ 


Temp:  /  5  ■  ^  °  C.  Measured  mth:. 

pH:  7. 5^  _  Measured  with:_ 

Conductivity:  Measured  with:. 

Dissolved  Oxygen:  g-3^/6  Measured  with;. 

Redox  Potential:  Measured  with:. 

Salinity: _  Measured  wth:_ 

Nitrate: _  Measured  with:. 

Sulfiite: _  Measured  with:. 

Ferrous  Iron: _  Measured  vnth:. 

Other  _ _ 


7  [  J  SAMPLE  CONTAINERS  (material,  number,  size):. 


8(  ]  ON-SriE  SAMPLE  TREATMENT: 


[  ]  Filtration; 


Method. 

Method. 

Method 


Containers:. 

Containers:. 

Containers: 


[  ]  Preservatives  added: 


Method. 

Method. 

Method. 

Method. 

9  [  ]  CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

(  ]  Containers  Placed  in  Ice  Chest 


10  [  ]  OTllERCOMMENTS:__^__4aj^ 

z. 


50 


Containers:. 

Containers:. 

Containers:. 

(Tontrdners: 


/<)eo 


7-  20 


1 1  a- 


/3.  O 


GROUlroWATmSAKn>LlNGRECORD.KK)NTOIUNGWELUroiOT _ 

DATUMFOK^-SlDgTO^iroBlS^  MhL 


SAMPLING  LOCATION  ytTf  PrA 

SAMPLING  DATC(S)_J^^^f^ 


'TP-fS 


(number) 


uNiNCK.  r  vu  CASING  CONDITION  IS:_ 
[  ]  monitoring  well  required  repair  (described 


^  NOT)  APPARENT 


Check-off 


1/5  equipment  CLEANED  BEFORE  USE  WITH  Av- 

TfAmo  rt  ^  -f - — iMat - 


xicius  ^^icanea  (List):  ^  rrM^ 

2  [  ]  LNAPL  DEPTH  - - - - 

Measured  with: 

FT.  BELOW  DATUM 

WATER  DEPTH 

Measured  with: 

FT.  BELOW  DATUM 

3(  J  WATER-CONDmONBEFOREWELLEVACUATION (Describe)- 

Appearance:  .,7^ 

Odor. - A>^ 

Other  Comments: 

4 1  I .  WELL  EVACUATION: 

Method:  ^rx^r^V^ok 

Volume  Removed:  7C^.a-/ 

Observations:  Water  -  very)  cloucfy 

Water  lc^'(rose  -  fell  -  no  change) 

Water  odors:  AJemt, _ 

Other  conunents: 


5(  1  SAMPLE  EXTRACTION  METHOD: 


rl  Bailer  made  of;_ 
J  Pump,^:_ 

[  1  Other,  describe:. 


Sample  obtained  is  [  J  GRAB;  [  ]  COMPOSITE  SAMPLE 


6[  ]  ON-SITE  MEASUREMENTS: 

Temp:  t2>7  C 

pH: _ 

Conductivi^ _ _ 

Dissolved  Qx/gen:  Si  | 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sul&te: _ 

Ferrous  Iron: _ 

Other _ 


Measured  with:  DO  9V6 

Measured  with: _ 

Measured  with: _ _ 

Measured vwth:  bd 

Measured  with: _ 

Measured  with: _ _ 

Measured  vnth: _ 

Measured  with: _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  aze):. 


8[  1  ON-SITE  SAMPLE  TREATMENT: 

(  ]  Filtration:  Method 

Method _ 

Method _ 


(  ]  Preservatives  added: 


Method. 

Method. 

Method. 

Method 


9(  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

101  1  OTHER  COMMENTS:  _ 


Containers:, 

Containers:, 

Containers: 


Containers:. 

Containers:. 

Containers;. 

Containers: 


SAMPLING  LOCATION .  '  T/tra  i=rt\ 

SAMPLING  DATEfSI  rJl?/Lci 


GROUNDWATER  SAMPLING  RECORD  -  MONITORING  WELL/POINT 


REASON  FOR  SAMPLING;  Regular  Sampling; 

DATE  AND  TIME  OF  SAMPLING;  'T’J)  7f9/ 

SAMPLE  COLLECTED  BY; 

_ _ 

DATUM  FOR  WATER  DEPTH  MEASGKEMENT  a>ax;nTxi); 


[  ]  Special  Sampling; 

,19 _  7LtcUo.m. 

of 


(number) 


MONITORING  WELL  CONDITION;  ~ 

[  I  LOCKED;  UNLOCKED 

WELL  NUMBEI<^(^S  NOT)  APPARK'JT 

STEEL  CASING  CONDITION  TS-  _ _ 

INNER  PVC  CASING  CXINDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATI^i^IS  NOTl  APPARENT 

(  1  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOIll^ 

MONITORING  WELL  REQUIRED  REPAIR  fdescribeV  AWJ 


Check-off 

1(  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (List):  i\/v^p 


2[  ]  LNAPL  DEPTH 


Measured  with; 


.FT.  BELOW  DATUM 


WATER  DEPTH 
Measured  with: 


3[  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  tJauAy _ 

Odon  AJuvv  L  ^ 

Other  Comments: _ 


4(  ]  WELL  EVACUATION; 

Method; 


Volume  Removed:  ?¥ 
Observations;  Water  ( 


-veiy)  cloudy 
Water  level  (rose  -  fell  -  no  change) 

Water  odors:  _ _ 

(Xher  comments; _ 


.FT.  BELOW  DATUM 


5[  1  SAMPLE  EXTRACTION  METHOD: 


rj  Bailer  made  of: 

]  Pump,lypc:_ 

(  ]  Other,  describe:_ _ 


Sample  obtained  is  ^  GRAB;  [  ]  COMPOSITE  SAMPLE 


6  [  1  ON-SITE  MEASUREMENTS: 

Temp:  °  C. 

pH: 

Conductivi^ _ _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Suliate: _ 

Ferrous  Iron: _ 

Other. _ 


Measured  with:  YSZ  SS 

Measured  with: _ 

Measured  with: _ 

Measured  with:  SS 

Measured  with: _ 

Measured  with: _ 

Measured  mth: _ 

Measured  with: _ 

Measured  with: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  aze):. 


8(  1  ON-SITE  SAMPLE  TREATMENT: 


[  1  Filtration:  Method 

Contmneis: 

Method 

Containers: 

Method 

Containers: 

(  ]  Preservatives  added; 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [  1  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

(  ]  Containers  Placed  in  Ice  Chest 

- 

10  (  ]  OTHER  COMMENTS:. 
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Aquifer  Slug  Test  Data  Sheet 
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APPENDIX  B 

SOIL  AND  GROUNDWATER  ANALYTICAL  RESULTS 


022/722450/WESTOVER/8.WW6 


Environmental 

LABORATORY  SERVICES 

7280  Caswell  Street,  Hancock  Air  Park  North  Syracuse,  NY  1 321 2 

(315)458-8033  FAX  (315)  458-0249  (800)842-4667 


E.P.S.  -  SPRINGFIELD 
53  TURNBULL  ST. 


PROJECT  #:  950948 
RECEIVED:  05/19/95 


SPRINGFIELD  MA  01104 

ATTN:  ENVIRONMENTAL  COORDINATOR 

P.O.  #  82285 

CLIENT  JOB  NUMBER:  629M0414 


TEST  PERFORMED 

RESULTS 

UNITS 

DATE 

PERFORMED 

METHOD 

NUMBER 

PERFORMED 

BY 

SAMPLE  #:  99946  CLIENT 

SAMPLE 

ID:  861-NA«1 

L 

DATE  SAMPLED:  05/15/95 

SOLIDS,  TOTAL 

78 

PERCENT 

05/19/95 

EPA  16jb.3 

MM 

CARBON.  TOTAL  ORGANIC 

<1 

MG/KG 

05/24/95 

SW9060  MOD. 

10900  (NY) 

SAMPLE  #:  99947  CLIENT 

SAMPLE 

ID:  861-NA-2 

DATE  SAMPLED:  05/15/95 

^^OS,  TOTAL 

82 

PERCENT 

05/19/95 

EPA  1 60.3 

MM 

^PIoN,  TOTAL  ORGANIC 

<1 

MG/KG 

05/24/95 

SW9060  MOD. 

10900  (NY) 

SAMPLE  #:  99948  CLIENT 

SAMPLE 

ID:  861-NA-3 

DATE  SAMPLED:  05/15/95 

SOUOS, TOTAL 

82 

PERCENT 

05/19/95 

EPA  160.3 

MM 

CARBON,  TOTAL  ORGANIC 

<1 

MG/KG 

05/24/95 

SW9060  MOD. 

10900  (NY) 

SAMPLE  #:  99949  CLIENT 

SAMPLE 

ID:  861-NA-^ 

1 

DATE  SAMPLED:  05/15/95 

SOUOS, TOTAL 

95 

PERCENT 

05/19/95 

EPA  1 60.3 

MM 

CARBON,  TOTAL  ORGANIC 

<1 

MG/KG 

05/24/95 

SW9060  MOD. 

10900  (NY) 

SAMPLE  #:  99950  CLIENT 

SAMPLE 

ID:  861-NA-! 

5 

DATE  SAMPLED:  05/18/95 

SOUOS,  TOTAL 

79 

PERCENT 

05/19/95 

EPA  160.3 

MM 

CARBON,  TOTAL  ORGANIC 

<1 

MG/KG 

05/24/95 

SW9060  MOD. 

10900  (NY) 

Page  1 


Your  Full-Service  Analytical  Laboratory 

Holding  Cermcadons  in  Connecticut.  De/aware.  Maryland.  Massachusetts.  New  Hampshire.  New  )tbrk.  Pennsylvania,  and  Rhode  Island 


MAIWm 

TEmmk 


Ref:  95-JH37/vg 

July  11,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
D.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 

Find  attached  results  for  methane  on  samples  received  on  May 
22,  1995  and  analyzed  on  June  9,  June  13,  June  20,  June  22,  and 
June  26,  1995  under  Service  Request  #SF-1-133.  Samples  were 
prepared  and  calculations  were  done  as  per  RSKSOP-175.  Analyses 
were  performed  as  per  RSKSOP-147 . 

If  you  have  any  questions,  feel  free  to  contact  me. 

Sincerely, 

Jeff  Hickerson 

xc:  R.L.  Cosby 
J.L.  Seeley 
G.B.  Smith 


ManTech  Environmental  Research  Services  Corporation 


R5.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1 198, 919  Ken-  Research  Drive 
Ada,Oklahoma74821-1198  405-436-8660  FAX 405-436-8501 


SR#SF-1-133 


ANALYSIS  PERFORMED  6-9-95 


SAMPLE 

METHANE 

LAB  BLANK 

BLQ 

WETF-1 

BLQ 

WETF-1A 

BLQ 

WETF-2 

ND 

WETF-2A 

0.180 

"  FIELD  DUP 

0.154 

WETF-3 

BLQ 

WETF-4 

BLQ 

WETF-5 

0.003 

WETF-7 

BLQ 

"  FIELD  DUP 

ND 

WETF-8 

BLQ 

"  LAB  DUP 

BLQ 

10  PPM  CH4 

10.39 

100  PPM  CH4 

99.96 

1000  PPM  CH4 

1052.50 

1%CH4 

1.00  ^0 

ANALYSIS  PERFORMED  6-1 

SAMPLE 

METHANE 

LAB  BLANK 

BLQ 

WETF-1 1 

0.004 

WETF-12 

BLQ 

WETF-13 

BLQ 

WETF-14 

BLQ 

"FIELD  DUP 

0.0003 

WCTF-15 

BLQ 

WETF-16 

BLQ 

WECF-1 

BLQ 

WECF-1A 

BLQ 

WECF-2 

BLQ 

"LAB  DUP 

BLQ 

10  PPM  CH4 

9.17 

100PPMCH4 

100.07 

1000  PPM  CH4 

1058.81 

Ref:  95/JAD33 

June  19,  1995 


Dr.  Don  Keunpbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 


P.o. 

Ada, 

THRU 


Box  1198 
OK  74820 


Dear  Don: 


As  requested  in  Service  Request  #  SF—1— 133,  headspace  GC/MS 
analysis  of  46  Westover  AFB  water  samples  for  tetrachloroethene 
(PCE) ,  .trichloroethene(TCE) ,  dichloroethenes(DCE's)  and  vinyl 
chloride  was  completed.  The  samples  were  received  on  May  22,  1995 
and  analyzed  on  Jxine  5-8,  1995.  RSKSOP-148  (Determination  of 

Volatile  Orgcinic  Compounds  in  Water  by  Automated'  Headspace  Gas 
Chromatography /Mass  Spectrometry  (Saturn  II  Ion  Trap  Detector)  was 
used  for  this  analysis. 

An  internal  standard  calibration  method  was  established  for 
the  six  compounds.  The  standard  curves  were  prepared  from  1.0  to 
5000  ppb.  The  lower  calibration  limits  were  1.0  ppb. 

A  quantitation  report  for  the  samples,  lab  duplicates,  field 
duplicates,  QC  standards  and  lab  blanks  is  presented  in  table  1  & 

2. 

If  you  should  have  any  questions,  please  feel  free  to  contact 

me. 


xc: 


R.L. 

G.B. 

D.D. 

J.Ii. 


Cosby 

Smith 

Fine 

Seeley 


Man'Kd)  Environmental  Reseaid)  Services  Coipontion 


ILS.  Klerr  Environmental  Researdi  Laborator);  P.O.  Box  1198, 919  Kerr  Research  Drive 
Ada.Oldahoma7482l-1198  405-436^  E«C40M36^501 
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Ref:  95-DF33 

June  23,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 


Ada,  GK  74820 

THRU:  S.A.  Vandegrift 


Dear  Don: 

As  requested  in  Service  Request  SF-1-133,  GC/MS  analysis  for 
phenols  and  aliphatic/aromatic  acids  was  done  on  two  water  samples 
labelled  WEMP-4S  and  WETF-2A  from  Westover  AFB.  Liquid-liquid 
extraction  was  done  by  Amy  Zhao  _on  May  31,  1995.  The  esrtract  was 
analyzed  by  GC/MS  on  June  7,  1995.  A  SOP  describing^  the 
extraction,  derivatization  and  GC/MS  analysis  is  in  preparation. 


Liouid-Licruid  Extraction  of  Phenols  and _ Aliphatic/Aromatic 

Acids. 


For  the  extraction  of  the  phenols  and  aliphatic/ aromatic  acids 
from  the  water  sample,  100  ml  of  the  water  sample  is  placed  in  a 
dried,  silanized  125  ml  separatory  funnel.  Spike  solutions  if 
applicable  were  added  to  the  sample  at  this  time.  The  pH  of  the 
water  is  adjusted  to  2.0  using  1:1  I^S04.  For  a  water  blank  without 
Na3P04  added,  a  pH  of  2  is  reached  with  ten  drops.  For  100  ml  of 
water  sample  preserved  with  Na3P04,  twenty  drops  of  acid  is 
required.  Next  25  g  of  NaCl  is  added  to  the  separatory  funnel 
after  which  the  liquid  is  swirled  to  dissolve  the  salt. 


The  water  sample  is  extracted  four  times  with  5  ml  aliquots  of 
acid  free  methylene  chloride.  To  remove  acids  from  methylene 
chloride  and  other  solvents,  10  g  of  Celite  Micro-Cel  T-49  is  added 
to  one  liter  of  GC/MS  grade  solvent.  This  mixture  is  stirred  for 
one  hour,  allowed  to  settle  and  is  filtered  through  a  Millipore 
organic  filter  pad  using  Millipore  vacuum  apparatus.  The  methylene 
chloride  extracts  are  collected  in  silanized  40  ml  VGA  vials.  The 
total  extract  volume  is  recorded. 
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Phenol /Acid  Deriva'biza'bion  to  Form  PFB  Ethers  and  Esters. 

A  200  fil  aliquot  of  the  methylene  chloride  extract  is 
delivered  to  a  2  ml  screw  cap  vial  containing  2.5  mg  of  dried 
potassiiim  carbonate.  Next  790  jul  of  acid  free  acetonitrile,  10  fil 
of  100  ppm  benzoic  acid-dj  and  10  nl  of  pentaf luorobenzyl  bromide 
is  added  to  the  vial.  Benzoic  acid-dj  is  the  internal  standard  for 
the  analysis.  The  vials  are  momentarily  placed  in  a  sonic  bath  to 
free  the  solid  salt  from  the  bottom  of  the  vial.  The  screw  caps  of 
the  vials  are  tightened  and  the  vials  are  heated  in  a  oven  at  60®C 
for  2  hours.  When  the  vials  are  removed  from  the  oven,  500  ijlI  of 
O.IM  Hcl  is  added.  The  vials  are  shaken  for  30  seconds  and  200  /il 
of  the  top  organic  layer  is  delivered  to  the  liner  of  a  2  ml  crimp 
cap  autosampler  vial. 


Negative  Ion  Chemical  Ionization  GC/MS  Analysis  of  PFB-Derivatives. 

For  negative  ion  chemical  ionization  GC/MS,  a  chemical 
ionization  ion  volume  is  placed  in  the  ion  source  block  of  the 
Finnigan  4615  GC/MS.  Methane  gas  is  regulated  using  a  needle  valve 
until  the  ionizer  pressure  reaches  0.40  torr.  With  the  ionizer  at 
this  pressure,  the  high  vacuum  pressure  indicates  l.OxlO'®  torr. 
The  mass  spectrometer  is  tuned  using  the  calibration  gas,  FC-43,  to 
obtain  good  peak  shape  for  ions  414  and  633.  m/z  and  a  relative 
intensity  of  100:14:4  for  ions  633,  414  and  127  m/z.  The  ion 

source  is  heated  at  150®C.  The  injector  and  transfer  lines  are 
held  at  275 ®C. 

The  Hewlett  Packard  7673  autoinjector  delivered  0.5  (xi  of  the 
sample  or  standard  to  the  GC  injection  port.  A  split  less  injection 
for  1  minute  was  used  for  the  analysis.  The  analytical  column  was 
a  60  meter,  0.25  mm  J&W  DB5-MS  capillary  column  with  0.25  /urn  film 
thickness.  The  column  was  temperature  programmed  from  50 ®C  to 
100®C  at  30®C/min  and  then  to  300®C  at  6°C/min.  The  helium  linear 
velocity  measured  with  air  was  36  cm/s  when  the  oven  temperature 
was  100®C  and  the  helixim  head  pressure  on  the  column  was  29  psi. 
The  Finnigan  4615  GC/MS  was  scanned  from  42  to  550  m/z  in  0.5  sec. 

Standard  curves  are  prepared  using  a  mixture  containing 
thirteen  phenols,  twenty-five  aliphatic  acids  and  nineteen  aromatic 
acids.  Calibration  curves  for  acetic  acid  was  not  prepared  due  to 
artefact  levels  of  this  acid  in  solvents.  Derivatization  of  the 
standard  solutions  and  samples  was  done  in  the  same  manner. 
Standards  are  prepared  at  5,  10,  25,  50,  100,  500  and  1000  ppb. 
Quality  assurance  was  maintained  during  the  sample  analysis  by 
running  check  standards,  derivatization  blanks,  extraction  banks, 
extraction  recovery  check  standards  and  spiked  field  samples. 


Ouantitafcive  Results  of  Phenols  and  Aliphatic/Aromatic  Acids.. 


Table  I  provides  the  concentrations  aliphatic/aromatic  acids 
found  in  the  water  sample  taken  at  the  Westover  AFB  site  and 
quality  assurance  samples  run  at  the  same  time  as  the  samples.  The 
lowest  reported  value  of  acid  in  this  table  is  at  or  about  5  ppb. 
Please  note  that  quantitation  of  phenols  was  not  possible  due  to  a 
derivatization  procedure  error  which  will  be  corrected  in  future 
samples. 


Spike  recoveries  for  each  of  the  acids  and  phenols  were 
determined  in  50  ppb  spikes  of  100  ml  of  water  blank.  Recovery  of 
the  50  ppb  concentration  was  poor  for  low  molecular  weight 
aliphatic  acids  due  to  the  poor  extraction  efficiencies  of  these 
acids  from  water.  Higher  molecular  weight  aliphatic  and  aromatic 
acids  exhibit  good  recoveries. 


Please  note  that  a  problem  has  occurred  in  the  determination 
of  benzoic  acid  at  levels  below  50  ppb.  The  benzoic  Acid  levels 
found  in  the  extraction  blank  are  higher  than  that  found  in  the 
sample.  We  will  determine  the  source  of  the  benzoic  acid  artifact 
before  the  next  acid/phenol  sample  queue  is  started. 


me. 


xc: 


If  you  should  have  any  questions,  please  feel  free  to  contact 


J.L. 

G.B. 

R.L. 


Seeley 

Smith 

Cosby 


Sincerely, 


Dennis  D.  Fine 
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Table  I  Quantitative  Report  and  QC  Data  lor  Phenols  and  Aliphatic  and  Arofnailc  Acids 
for  Satnples  from  Westover  Af  B  (Service  Request  SF-1  -133). 

Corcenuailon  ppb 


WEMP-4S 

WErF-2A 

Extraction 

BianK 

10  ppb 
ChK.  Sid. 

100  ppb 
Chk.  Sid. 

500  ppb 
Chk.  Std. 

1 

PROPANOIC  Aao  -  PFB 

214 

19 

*«• 

9 

12 

53 

94 

732 

2 

2-METHYLPROPANOC  ACID  -  PFB 

67 

««* 

*«• 

23 

10 

52 

91 

653 

3 

TRIMETHYL  ACETIC  ACID  -  PFB 

35 

••• 

59 

10 

51 

90 

679 

4 

BUTYRIC  ACID -PFB 

144 

*** 

22 

9 

51 

90 

588 

5 

2-METHYLBUTYRC  AQD  -  PFB 

28 

— 

51 

10 

52 

93 

559 

6 

3-METHYLBUTYRC  AQD  -  PFB 

362 

5 

*** 

49 

10 

51 

95 

448 

7 

3.3 -DIMETHYLBUTVRIC  ACID  -  PFB 

no 

11 

66 

9 

51 

93 

537 

8 

PENTANOiC  ACID  -  PFB 

52 

6 

55 

8 

50 

91 

435 

9 

2.3-DIMETHYLBUTYRIC  ACID  -  PFB 

10 

41 

65 

9 

51 

95 

10 

2-ETHYLBUTYRIC  ACID  -  PFB 

N.F. 

*•* 

65 

10 

50 

94 

441 

11 

2-METHYLPENTANOC  AQD  -  PFB 

54 

•  ** 

66 

10 

50 

94 

435 

12 

3-METHYLPENTANOC  AQD  -  PFB 

43 

8 

66 

9 

52 

97 

466 

13 

4-METHYLPENTANOC  AQD  -  PFB 

N.F. 

... 

65 

6 

51 

94 

457 

14 

HEXANOIC  ACID  -  PFB 

13 

... 

18 

72 

6 

49 

89 

449 

15 

2-METHYLHEXANOIC  ACID  -  PFB 

10 

N.F. 

N.F. 

68 

8 

SO 

94 

450 

16 

PHENOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

17 

CYCLOPENTANECARBOXYLICACID -PFB 

24 

... 

51 

7 

52 

90 

436 

18 

5-METHYLHEXANOIC  ACID  -  PFB 

13 

*•* 

68 

6 

51 

86 

463 

19 

o-CRESOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

20 

2-ETHYLHEXANOICACID  -  PFB 

77 

*** 

26 

94 

12 

39 

80 

340 

21 

HEPTANOC  Aao  -  PFB 

tt** 

N.F. 

8 

73 

6 

'51 

91 

443 

22 

m-CRESOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

23 

P-CRE90L  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

24 

1  -CYCLOP ENTENE-1  -CARBOXYLIC  ACID  -  PFB 

N.F. 

N.F. 

... 

49 

7 

51 

97 

461 

25 

0-ETHYLPHENOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

26 

CYCLOPEMTANEACETIC  AQD  -  PFB 

13 

... 

... 

63 

8 

50 

90 

442 

27 

2.6-DIMETHYLPHENOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.a 

N.Q. 

N.Q. 

N.Q. 

28 

2.5-DIMETHYLPHENOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

29 

CYCLOHEXANBCARBOXYUC  ACID  -  PFB 

16 

... 

**• 

64 

7 

52 

92 

431 

30 

3-CYCLOHEXENE-1  -CARBOXYUC  /CIO  -  PFB 

N.F. 

HJF. 

61 

8 

51 

97 

480 

31 

2.4-DIMETHYLPHENOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

32 

3.5-OIMETHYLPHENOL&  M-ETHYLPHENOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

33 

OCTANOIC  /CIO  -  PFB 

24 

15 

77 

7 

50 

92 

435 

34 

2.3-OIMETHYLPHENOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

35 

p-ETHYtPHENOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

36 

BENZOC  ACID -PFB 

205 

20 

10 

as 

51 

45 

128 

477 

37 

3,4-DIMETHYLPHENOL  -  PFB 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

36 

38 

m-METHYLBEN20IC  ACID  -  PFB 

316 

••• 

57 

••• 

51 

101 

487 

39 

1 -CYCLOHEXENE-1 -CARBOXYUC  ACID  -  PFB 

N.F. 

N.F. 

64 

6 

51 

87 

429 

40 

CYCLOHEXANEACETC  ACID  -  PFB 

8 

... 

NJ=. 

65 

6 

51 

90 

441 

41 

2-PHENYLPROPANOICAaD  -  PFB 

8 

N.F. 

NJ^. 

64 

6 

50 

103 

541 

42 

o-METHYLBENZOC  ACID  -  PFB 

327 

12 

NJ=. 

64 

6 

51 

111 

525 

43 

PHENYLACETIC  ACID  -  PFB 

266 

... 

64 

5 

50 

106 

529 

44 

m  -TOLYLACETIC  AQD  -  PFB 

159 

27 

N.F. 

71 

••• 

55 

99 

479 

45 

o-TOLYLACETlC  ACID  -  PFB 

16 

20 

NJ:. 

74 

27 

51 

96 

530 

46 

2.e-DIMETHYLBEN20C  ACID  -  PFB 

32 

... 

N.F, 

67 

11 

56 

134 

626 

47 

p-TOLYLACETlCACID  -  PFB 

603 

23 

HJF. 

83 

•«* 

59 

103 

578 

48 

p-METHYLBENZaC  ACID  -  PFB 

237 

... 

HJF. 

61 

6 

53 

107 

530 

49 

3-PHENYLPROPANOIC  AQD  -  PFB 

35 

N.F. 

HJF, 

65 

••• 

50 

101 

557 

50 

2^-DIMETHYlBENZOC  ACID  -  PFB 

221 

15 

NJ=. 

63 

■  6 

52 

110 

549 

51 

DGCANOC  Aao  -  PFB 

NJF. 

8 

.M 

66 

51 

93 

470 

52 

2.4-OIMETHYLBENZOC  ACID  -  PFB 

87 

19 

N.F. 

68 

7 

50 

107 

514 

53 

3.5-OIMETHYLBENZOC  ADD  -  PFB 

29 

7 

HJF. 

63 

6 

49 

104 

519 

54 

2.3-OIMETHYLBENZOC  ACIO  -  PFB 

59 

... 

HJF. 

85 

6 

51 

115 

555 

55 

4-ETHYLBEN20C  ACID  -  PFB 

68 

NJ=. 

NJ=. 

68 

5 

51 

104 

547 

56 

2.4,6 -TRIMETHYLBENZOC  AQD  -  PFB 

98 

11 

HJP. 

64 

8 

52 

117 

545 

57 

3.4-OIMETHYLBENZOC  AaO  -  PFB 

64 

10 

UJF. 

60 

52 

104 

526 

58 

2,4,5 -TRIMETHYLBENZOC  AQD  -  PFB 

29 

... 

UJF. 

64 

5 

50 

105 

545 

•••  indicates  concentration  of  extract  was  below  lowest  calibration  standard  (5  ppb). 
N.F.  indicates  not  found. 

N.Q.  indicates  no  quantitation  due  to  derivative  procedure  error. 
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Ref:  95-LB38 

May  26,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S,  Environmental  Protection  Agency 
919  Kerr  Research  Drive 
Ada,  OK  74820 


THRU: 


Steve 


Vandegrift 


Dear  Don: 

Please  find  attached  the  analytical  results  for  Se^ice 
Request  SP-1-133,  Westover  AFB,  requesting  the  analysis  of  ^ 
groundwater  samples  to  be  analyzed  for  BTEXXX,  TriMBs, ^  ®  ^ 
and  Total  Fuel  Carbon.  A  total  of  46  samples  were  received,  some 
in  duplicate,  in  capped,  40  mL  VOA  vials  on  May  22,  1995.  The 
samples  were  analyzed  on  May  23-25,  1995.  All  samples 

acquired  and  processed  using  the  Millennium  data  system.  ^  A  1-500 
ppb  external  calibration  curve  was  used  to  determine  the 
concentration  for  the  tetramethylbenzene  compounds;  a  1-1000 
external  calibration  curve  was  used  to  determine  the  concentration 
for  the  remaining  compounds. 


RSKSOP-133  "Simultaneous  Analysis  of  Aromatics  and  Total ^Fuel 
Carbon  by  Dual  Column-Dual  Detector  for  Ground  Water  Samples"  was 
used  for  these  analyses.  Auto-sampling  was  performed  using  a 
Dynatech  autosampler  in-line  with  a  Tekmar  LSC  2000  sample 
concentrator . 


Sincerely, 


Lisa  R.  Black 


xc: 


R.L. Cosby 
G.B.  Smith 
J.  L.  Seeley 
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Printed  5/26/95  SF-1-1 33 .  DP-PT/GC-PID:RD  Analyses  for  Dr.  Kampbell  Units  =  ng/mL  Analyst:  L  Black 


1 .3.5-TMB 

1.2.4-TMB 

1.2.3-TMB 

1,2,4,5-Tetra 

1.2.3,5-Tetra 

1.2.3,4-Tetra 

Fuel  Cartxxi 

^ - 

100  PPB 

103.02 

103.50 

106.67 

101.83 

102.44. 

104.42 

N/A 

QC,  OBSERVED.  PPB 

47.41 

47.89 

46.55 

45.80 

50.16 

50.98 

N/A 

QC,  TRUE  VALUE,  PPB 

50.00 

50.00 

50.00 

50.00 

50.00 

50.00 

N/A 

WETF-1 

3.05 

10.83 

3.80 

BLQ 

1.18 

ND 

154.4 

WETF-1A 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

♦WETF-2 

3.67 

14.04 

4.89 

1.30 

1.69 

1.17 

156 

WErF-2A 

87.43 

280.06 

92.38 

10.08 

15.67 

17.36 

2580 

WETF-3 

1.69 

5.21 

1.83 

ND 

ND 

ND 

56.78 

WETF^ 

ND 

ND 

ND 

ND 

ND 

ND 

BLQ 

WETF-5 

2.71 

46.80 

3.94 

3.21 

3.87 

6.29 

320.6 

WETF-5  Duplicate 

1.94 

35.31 

3.16 

Z67 

3.03 

5.48 

275.1 

WETF-7 

1,15 

3.03 

1.29 

ND 

ND 

ND 

20.31 

WETF-8 

1.12 

2,79 

1.11 

ND 

ND 

ND 

20.99 

WETF-11 

1.45 

12.95 

3.05 

4.35 

3.53 

8.39 

301.1 

10  PPB 

9.31 

9.28 

9.43 

9.35 

9.20 

9.51 

N/A 

WETF.12 

1.22 

3.38 

1.21 

ND 

ND 

ND 

29.73 

WETF-13 

4.46 

17.32 

5.39 

0.96 

1.55 

ND 

160.9 

WETF-14 

2.52 

9.26 

2.95 

ND 

1.00 

ND 

80.58 

WETF-15 

ND 

ND 

ND 

ND 

ND 

ND 

BLQ 

WETF-16 

2.75 

10.14 

3.23 

ND 

0.89 

'  ND 

105.3 

WECF-I 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

WECF-1A 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

WECF-2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

WECF«2A 

202.38 

503.89 

328.44 

37.57 

57.27 

62.70 

4720 

WECF.3 

185.98 

549.35 

309.57 

24.54 

40.09 

52.62 

11000 

600  PPB 

513.16 

506.78 

512.68 

490.29 

491.89 

497.95 

N/A 

♦WECF-4 

ND 

1.99 

1.34 

ND 

ND 

ND 

21.85 

|||CF>5 

ND 

1.82 

1.43 

ND 

ND 

ND 

9.71 

■bF*6 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

^CF-6A 

ND 

ND 

ND 

ND 

ND 

ND 

42.88 

WECF-6A  Duplicate 

ND 

ND 

ND 

ND 

ND 

ND 

46.11 

WECF-8 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-ID 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-1S 

ND 

ND 

ND 

ND 

NO 

ND 

ND 

WEMP.2S 

NO 

NO 

ND 

ND 

ND 

ND 

BLQ 

WEMP-3S 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

QC.  OBSERVED,  PPB 

47.41 

47.97 

46.40 

45.32 

49.87 

50.24 

N/A  ^ 

QC,  TRUE  VALUE.  PPB 

50.00 

50.00 

50.00 

50.00 

50.00 

50.00 

WEMP-4S 

263.39 

816.95 

502.99 

106.28 

141.10 

18a62 

<30400^ 

WEMP-5D 

2.29 

3.08 

1.64 

ND 

ND 

ND 

55.97 

WEMP-5S 

1.13 

1.80 

1.13 

ND 

ND 

ND 

22.96 

WEMP-eS 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-6  Duplicate 

ND 

ND 

ND 

ND 

ND 

ND 

BLQ 

WEMP-7S 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-8M 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-6S 

ND 

ND 

ND 

ND 

ND 

ND 

ND  . 

WEMP-9S 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-10S 

ND 

ND 

ND 

ND 

ND 

ND 

BLQ 

10  PPB 

9.99 

10.16 

10.52 

10.47 

10.54 

10.71 

N/A 

WEMP-11S 

15.38 

ia6i 

18.62 

4.08 

4.62 

4.24 

335.3 

WEMP-11S  Duplicate 

13.24 

13.57 

18.75 

5.13 

5.71 

5.18 

337.6 

WEMP-12S 

218.23 

650.25 

353.72 

22.61 

37.71 

47.00 

32600 

WEMP-14D 

24.66 

62.50 

40.46 

aoe 

3.66 

5.47 

2021 

WEMP-14M 

19.28 

4a26 

27.36 

a75 

4.02 

5.18 

668.1 

WEMP-15D 

1.85 

3.54 

a57 

ND 

ND 

ND 

52.06 

WEMP-15M 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MjjMP-ISS 

ND 

ND 

ND 

ND 

ND 

ND 

BLQ 

HI^P-16D 

ND 

ND 

ND 

ND 

ND 

ND 

BLQ 

TOD  PPB 

100.10 

100.14 

99.92 

99.00 

99.32 

98.55 

N/A 

•  Sample  was  analyzed  after  a  very  contaminated  sample,  therefore  the  concentrations  reported  may  not  represent  the  true  values. 


NO  =  None  Detected;  N/A  =  Not  Analyzed;  BLQ  =  Below  Umit  of  Quantitation,  1  ppb 


/ 


/ 


Printed  5/26/95  SF-1-133 


Qp.pj/QQ.piQ:PID  Analyses  for  Dr,  Kampbell 


Units  =  ng/mL  Analyst:  L  Black 


SampleName 

BENZENE 

TOLUENE 

ETHYLBENZENE 

d-XYLENE 

m-XYLENE 

o-XYLENE 

100  PPB 

102.58 

101,76 

102.01 

101.32 

102.15 

103.44 

QC,  OBSERVED.  PPB 

48,12 

49.82 

52.23 

47.13 

46.51 

50.31 

QC.  TRUE  VALUE.  PPB 

50.00 

50.00 

50.00 

50.00 

50.00 

50.00 

WETF-1 

14.51 

57.17 

13.86 

9.84 

23.74 

17.74 

WETF-1A 

ND 

ND 

ND 

ND 

ND 

ND 

♦WETF-2 

7.84 

39.38 

11.52 

9.22 

21.00 

14.58 

WETF-2A 

5.01 

184,60 

378.61 

255.13 

559.53 

273.67 

WETF-3 

1.89 

20.17 

6.10 

4.48 

10.97 

7.35 

WETF-4 

ND 

BLQ 

ND 

ND 

BLQ 

ND 

WETF-5 

2.29 

19.39 

45.65 

31.01 

15.59 

9.18 

WETF-5  Duplicate 

WETF-7 

1.52 

BLQ 

12.83 

4.54 

36.57 

1.87 

23.81 

1.53 

10.75 

3.45 

6.23 

2.45 

WETF-8 

BLQ 

5.81 

2.12 

1.60 

3.73 

2.64 

WETF-1 1 

1.99 

11.58 

39.75 

10.14 

8.37 

5.07 

10  PPB 

9.93 

10.52 

10.06 

9.82 

10.23 

9.70 

WETF-1 2 

BLQ 

8.84 

2.89 

2.37 

5.77 

3.90 

WETF-1 3 

3.71 

42.29 

16.54 

12.28 

29.36 

19.92 

WETF-1 4 

1,69 

20,34 

8.18 

6.20 

14.56 

9.44 

WETF-1 5 

ND 

BLQ 

ND 

ND 

ND 

ND 

WETF-1 6 

3.46 

32.79 

11.27 

8.10 

19.51. 

13.23 

WECF-1 

ND 

ND 

ND 

ND 

ND* 

ND 

WECF-1A 

ND 

ND 

ND 

ND 

ND 

ND 

WECF-2 

ND 

ND 

ND 

ND 

ND 

ND 

WECF-2A 

170.39 

35.03 

370.47 

471.31 

103^92 

940.26 

WECF-3 

271.40 

2642.91 

637.12 

584.69 

1252.41 

877.40 

500  PPB 

509.38 

510.67 

507.87 

502.29 

513.55 

508.78 

♦WECF-4 

BLQ 

3.40 

BLQ 

1.06 

2.71 

1.62 

MECF-5 

1.75 

ND 

BLQ 

1.96 

ND 

ND 

BcF-6 

ND 

ND 

ND 

ND 

ND 

ND 

^CF-6A 

25.30 

ND 

ND 

ND 

ND 

ND 

WECF-6A  Duplicate 

24.69 

BLQ 

ND 

BLQ 

BLQ 

BLQ 

WECF-8 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-1D 

ND 

ND 

ND 

ND 

/ND 

ND 

WEMP-1S 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-2S 

ND 

BLQ 

ND 

ND 

ND 

ND 

WEMP-3S 

ND 

ND 

ND 

ND 

ND 

ND 

QC.  OBSERVED.  PPB 

48.49 

50,47 

52.13 

46.89 

46.99 

50.42 

QC.  TRUE  VALUE.  PPB 

50.00 

50.00 

50.00 

50.00 

50.00 

50.00 

WEMP-4S 

8488.59 

15760.45 

1568.85 

1184.67 

3397.00 

2157.05 

WEMP-5D 

6.95 

BLQ 

2.45 

7.21 

18.41 

14.63 

WEMP-5S 

^40 

BLQ 

0.59 

3.57 

6.93 

6.97 

WEMP-6S 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-6S  Duplicate 

ND 

BLQ 

ND 

ND 

BLQ 

ND 

WEMP-7S 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-8M 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-8S 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-9S 

ND 

ND 

ND 

ND 

ND 

ND 

WEMP-10S 

ND 

BLQ 

ND 

ND 

ND 

ND 

10  PPB 

10.63 

10.47 

10.62 

10.43 

10.37 

10.45 

WEMP-11S 

^82 

BLQ 

19.62 

12.36 

10.97 

11.45 

WEMP-1 1 S  Duplicate 

3.63 

0.97 

19.31 

12.52 

11.04 

11.50 

WEMP.12S 

2260.51 

15263.80 

1455.23 

1146.72 

3017.60 

1868.31 

WEMP-14D 

266.53 

780.16 

126.11 

116.53 

236.12 

126.19 

WEMP-14M 

153.26 

1.62 

70.41 

90.26 

6.65 

1.64 

WEMP-1 5D 

2.03 

ND 

4.85 

7.84 

18.68 

13.40 

WEMP-15M 

ND 

ND 

ND 

ND 

ND 

ND 

g|EMP-15S 

0.92 

BLQ 

ND 

ND 

ND 

ND 

B:MP-16D 

ND 

ND 

ND 

ND 

BLQ 

BLQ 

^00  PPB 

98.40 

100.86 

101.63 

100.70 

99.51 

100.71 

*  Sample  was  analyzed  after  a  very  contaminated  sample,  therefore  the  concentrations  reported  may  not  represent  the  the  true  values. 


ND  =  None  Detected;  N/A  =  Not  Analyzed;  BLQ  =  Below  Limit  of  Quantitation.  1  ppb 
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Ref:  95-MW62/vg 

95-CH14/vg 


June  27,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift^V 


Dear  Don: 

Attached  are  the  results  of  46  field  samples  from  Westover 
submitted  to  ManTech  as  part  of  S.R.  #SF-1-133.  The  samples  were 
received  on  May  22,  1995  and  analyzed  immediately.  The  methods 
used  for  analysis  were  EPA  Method  350.1,  353.1,  and  Water's 
capillary  electrophoresis  Method  N— 601.  Quality  assurance  measures 
perforaed  on  this  set  of  samples  included  spikes,  duplicates,  known 
AQC  samples  and  blanks.  .  . 

If  you  have  any  questions  concerning  these  results  please  feel 
free  to  contact  us. 


Cherri  Heard 


xc:  R.L.  Cosby 
J.L.  Seeley 
G.B.  Smith 


ManIMi  Environmental  Research  Services  Corporation 


R5.  Kot  Environmental  Research  Laboratot);  P.O.  Box  1198, 919  Korr  Research  Drive 
Ada,  Oklahoma  74821-1 198  405-436^660  FAX  405-436-8501 


mg/1 

mg/1 

mg/1 

mg/1 

Scimple 

Cl' 

so^ 

no',+no'3  (N) 

NH3fN) 

WETF-1 

4.58 

21.7 

.99 

.17 

WETF-IA 

3.47 

7.18 

1.25 

<.05 

WETF-IA  Dup 

3.50 

7.16 

— 

WETF-2 

4.02 

19.8 

1.28 

<.05 

WETF-2A 

3.63 

6.32 

.07 

4.12 

WETF-3 

4.29 

21.9 

3.88 

<.05 

WETF-4 

4.13 

35.8 

2.64 

<.05 

WETF-5 

1.45 

6.10 

.35 

1.58 

WETF-5  Dup 

— 

— 

.35 

1.57 

WETF-7 

1.69 

41.9 

2.59 

<.05 

WETF-8 

2.60 

51.6 

1.79 

<.05 

WETF-11 

4.41 

37.7 

.07 

3.11 

WETF-12 

1.95 

14.2 

2.64 

.14 

WETF-13 

2.79 

39.4 

3.18 

.17 

WETF-13  Dup 

2.98 

39.3 

3.17 

.18 

WETF-14 

5.42 

52.8 

2.89 

•  .12 

WETF-15 

1.97 

35.7 

2.29 

•  .09 

WETF-16 

1.66 

16.4 

2.01 

<.05 

WECF-1 

9.17 

21.7 

<.05 

.11 

WECF-IA 

.52 

7.16 

<.05 

<.05 

WECF-IA  Dup 

.51 

7.38 

— 

- T 

WECF-2 

1.1 

13.2 

<.05 

.13 

WECF-2  Dup 

— 

— 

<.05 

.14 

WECF-2A 

.67 

<.5 

.22 

6.55 

WECF-3 

1.93 

1.43 

<.05 

3.17 

WECF-4 

<.5 

6.14 

<.05 

<.05 

WECF-5 

1.07 

24.6 

.34 

.20 

WECF-5  Dup 

1.07 

25.2 

— 

— 

WECF-6 

2.72 

9.44 

.07 

.32 

WECF-6A 

9.42 

11.3 

<.05 

.16 

WECF-8 

.79 

3.55 

.53 

<.05 

WEMP~1D 

3.03 

<.5 

5-77 

.07 

WEMP-ID  Dup 

— 

— 

5.73 

.07 

WEMP-IS 

1.19 

6.52 

3.87 

<.05 

WEMP-2S 

1.39 

13.9 

5.60 

<.05 

WEMP-3S 

1.17 

8.07 

2.46 

<.05 

WEMP-4S 

8.06 

2.41 

<.05 

4.72 

WEMP-5D 

8.38 

2.28 

<.05 

.38 

WEMP-5D  Dup 

8.47 

2.27 

— 

— 

WEMP-5S 

4.21 

1.46 

.06 

.21 

WEMP-6S 

1.45 

10.9 

1.19 

<.05 

WEMP-6S  Dup 

— 

— 

1.18 

<.05 

WEMP-7S 

1.11 

6.37 

.33 

<.05 

WEMP-8S 

1.30 

8.56 

1.84 

.06 

WEMP-8M 

1.23 

3.46 

1.71 

.18 

WEMP-9S 

.94 

7.91 

3.99 

<.05 

WEMP-IOS 

1.30 

8.57 

.12 

<.05 

WEMP-llS 

1.77 

6.60 

<.05 

15.5 

WEMP-llS  Dup 

— 

— 

<.05 

13.8 

WEMP-12S 

1.10 

<.5 

<.05 

5.87 

WEMP-14D 

150 

.86 

.09 

6.11 

Ref:  95-TL23/vg 

June  28,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 

Dear  Don:  —  ; 


Attached  are  TC,  TOC,  and  TIC  results  for  a  set  of  46  liquid 
samples  received  by  MEI^C  May  22,  1995  under  Service  Request  #SF-1- 
133.  Determinations  were  begun  June  5,  1995  and  completed  June  27, 
1995  using  RSKSOP-102. 

A  known  AQC  sample  was  analyzed  with  your  samples  for  quality 
control.  If  you  have  any  questions  concerning  these  results  please 
feel  free  to  contact  me. 


Sincerely, 


Teresa  Leon 


xc: 


R.L.  Cosby  n 
J.L.  Seeley 
G.B.  Smith 


Manfftch  EnvironroenUl  Reseaidi  Services  Cnpoiation 


R^.KerrEnvirwiiiientalReseaidilaboratoij;P.O.Boxll98,919KeiTReseaidiDrive  • 

Ada,  Oklahoma  74821-1198  405-436-8660  FAX  405-436-8501 


AND  TIC  RESULTS  FOR  DON  KAMPBELL  {SF-1-133) 
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TRUE  VALUES:  WP033-II  -  35.0  MG/L 


MAIWi 

TECm 


Ref:  95-MB7/vg 

May  31,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 

As  per  Service  Request  #SFTA-l-56,  analysis  was  completed  on 
46  water  seunples  from  Westover  AFB,  MA.  I  performed  analysis  on¬ 
site  for  pH,  specific  conductance  (/iS/cm)  ,  phenolphthalein 
alkalinity  (ppm  as  CaCOj) ,  total  alkalinity  (ppm  as  CaCOj)  ,  and 
redox  potential  (mV).  The  analysis  began  May  17,  1995  and  was 
completed  May  19,  1995.  Please  find  attached  the  data  compiled 
from  my  lab  book.  Other  data  from  the  site  was  tabulated  for  your 
convenience. 

If  you  have  any  questions, 
convenience . 


xc:  R.L.  Cosby  n 
J.L.  Seeley 
G.B.  Smith  (/' 


please  contact  me  at  your 


Sincerely, 


Mark  Blankenship 


ManToii  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1198. 919  Kerr  Research  Drive 
Ada.  Oklahoma  74821-1 198  405-436-8660  FAX  405-436-8501 


WestoverAFB  051795  filename=051795.wk1  range=A1.K55 


sample 

pH 

spec.  cond. 

pheno  alk 

total  alk. 

(uS/cm) 

(ppm) 

(ppm) 

WECF-1 

6.8 

240 

15 

40 

WECF-1A 

5 

28.3 

*<  0.1 

5 

WECF-2 

5 

77.7 

•<  0.1 

35 

WECF-2A 

6.4 

501 

*<  0.1 

240 

WECF-3 

5.5 

118.8 

•<o.i 

35 

WECF-4 

5.5 

35.3 

•<  0.1 

15 

WECF-5 

5.2 

87.9 

*<  0.1 

10 

WECF-6 

5 

87 

’<  0.1 

35 

WECF-6A 

5 

98.4 

*<  0.1 

20 

WECF-8 

5 

43.8 

•<  0.1 

15 

WEMP-1D 

5.2 

96.3 

*<  0.1 

10 

WEMP-1S 

5.1 

80.4 

*<  0.1 

5 

WEMP-2S 

5.3 

145.9 

■<  0.1 

20 

WEMP-3S 

5.4 

67.5 

•<  0.1 

10 

WEMP-4S 

6.4 

423 

•<  0.1 

180 

WEMP-5D 

5 

89.4 

*<  0.1 

30 

WEMP-5S 

5 

30.4 

'<  0.1 

20 

WEMP-6S 

4.9 

56.5 

•<  0.1 

•<  0.1 

WEMP-7S 

6.1 

26.9 

•<  0.1 

5 

WEMP-8M 

5.8 

90.4 

*<  0.1 

25 

WEMP-8S 

4.9 

86.5 

'<  0.1 

10 

WEMP-9S 

4.6 

76.3 

•<  0.1 

5 

WEMP-10S 

5.5 

55.1 

•<  0.1 

15 

WEMP-11S 

6 

392 

’<  0.1 

200 

WEMP-12S 

5.7 

138.1 

'<  0.1 

45 

WEMP-14D 

6 

842 

'<  0.1 

260 

WEMP-14 

6 

832 

•<  0.1 

260 

WEMP-15D 

5.4 

132.9 

*<  0.1 

10 

WEMP-15 

5 

73.9 

*<0.1 

25 

WEMP-15S 

5.4 

155.5 

*<  0.1 

50 

WEMP-16D 

5 

68.2 

’<  0.1 

25 

WETF-1 

5.5 

127.5 

'<  0.1 

35 

WETF^IA 

5.5 

78.7 

*<  0.1 

20 

WETF-2 

5.4 

143:6 

'<  0.1 

50 

WETF-2A 

6.6 

552 

’<  0.1 

300 

WETF-3 

5.9 

296 

•<  0.1 

85 

WETF-4 

5.5 

235 

*<  0.1 

70 

WETF-5 

6 

281 

*<  0.1 

140 

WETF-7 

5.7 

339 

•<  0.1 

120 

WETF-8 

6.1 

510 

*<  0.1 

160 

WETF-1 1 

7.2 

697 

•<o.i 

320 

WETF-12** 

5.5 

228 

•<  0.1 

50 

WETF-13** 

5.3 

394 

*<  0.1 

90 

WETF-14 

6.2 

586 

'<  0.1 

240 

WETF-1 5 

5.6 

297 

*<  0.1 

55 

WETF-16 

5.8 

123.1 

*<  0.1 

320 

redox 

phenols 

soluble  Fe 

HS 

CO, 

Mn 

(mV) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

168.1 

'<  0.1 

5.5 

’<  0.1 

1.25 

*<  0.1 

195.2 

*<  0.1 

'<  0.1 

•<o.i 

7.5 

*<  0.1 

13.2 

*<  0.1 

4.5 

•<  0.1 

14 

•<  0.1 

-3.2 

3 

*<  0-1 

75 

*<  0.1 

46.1 

***** 

10 

2 

100 

'<  0.1 

-5 

***** 

'<  0.1 

•<  0.1 

15 

•<  0.1 

184.7 

*<  0.1 

5-5 

•<  0.1 

30 

*<  0.1 

19.4 

*<  0.1 

8 

*<  0.1 

18.75 

0.2 

126.1 

*<  0.1 

6.5 

’<  0.1 

33 

'<  0.1 

150.5 

•<  0.1 

1.5 

•<  0.1 

40 

*<  0.1 

170 

*<  0.1 

1 

’<  0,1 

25 

0.8 

187.1 

***** 

1 

•<  0.1 

15 

*<  0.1 

160.8 

***** 

0.4 

*<  0.1 

25 

*<  0.1 

177.8 

*<  0.1 

*<  0.1 

•<  0.1 

20 

*<  0.1 

-18 

***** 

100 

•<  0.1 

200 

*<  0.1 

115.7 

•<  0.1 

9 

•<  0.1 

60 

*<  0.1 

113.4 

•<o.i 

5.5 

*<  0.1 

25 

*<  0.1 

165 

*<  0.1 

0.2 

•<  0.1 

40 

•<  0.1 

249.5 

*<  0.1 

0.2 

•<  0.1 

20 

•<  0.1 

129.7 

*<  0.1 

3.5 

•<  0.1 

50 

•<  0.1 

170 

'<  0.1 

1.5 

'<  0.1 

25 

•<  0.1 

200.5 

*<  0.1 

0.2 

*<  0.1 

40 

*<  0.1 

89 

***** 

2.5 

•<  0.1 

15 

*<  0.1 

-32.8 

***** 

9 

*<  0.1 

55 

*<  0.1 

68.4 

***** 

20 

•<  0.1 

100 

*<  0.1 

-105.1 

10 

280 

’<  0.1 

250 

*<  0.1 

-45.5 

10 

280 

’<  0.1 

275 

*<  0.1 

77.2 

'<  0.1 

9 

•<  0.1 

60 

'<  0.1 

35 

*<0.1 

7.5 

•<  0.1 

40 

•<  0,1 

39.2 

*<  0.1 

9 

•<o.i 

50 

•<  0.1 

59.9 

'<  0.1 

8 

’<  0,1 

30 

*<  0.1 

60.5 

•<0.1 

2.5 

0.7 

15 

*<  0.1 

42.1 

•<o.i 

•<  0.1 

0.7 

20 

•<  0.1 

210.8 

***** 

*<0.1 

0.5 

20 

*<  0.1 

-39.8 

***** 

600 

*<  0.1 

275 

'<  0.1 

197.4 

•<  0.1 

•<  0.1 

0.7 

55 

•<  0.1 

196.3 

'<  0.1 

•<o.i 

0.5 

90 

•<  0.1 

26.7 

***** 

25 

•<  0.1 

150 

0.4 

138.6 

***** 

*<  0.1 

•<  0.1 

40 

•<  0.1 

105.3 

***** 

•<o.i 

'<  0.1 

45 

*<0.1 

-33 

***** 

1 

0.5 

175 

0.5 

175.3 

***** 

•<  0.1 

1 

65 

•<  0.1 

170.2 

***** 

•<o.i 

0.7 

100 

*<  0.1 

35.8 

***** 

*<  0.1 

0.5 

100 

*<  0.1 

62.9 

***** 

•<o.i 

•<  0.1 

100 

•<  0.1 

-33 

***** 

'<  0.1 

0.3 

25 

0.3 

*****  =  ran  out  of  ampoules  and  could  not  perform  analysis 
WETF-12**  =  very  muddy  sample 
WETF-13**  =  very  muddy  sample 
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Ref;  96-LP86/vg 
96-MW8l/vg 
96-TH48/vg 
July  24,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrif t^”^ 

Dear  Don; 

Attached  are  the  results  of  36  Westover  AFB  samples 
submitted  to  MERSC  as  part  of  Service  Request  #SF-2-223.  The 
samples  were  received  July  18  and  22,  1996  and  analyzed 
immediately.  The  methods  used  for  analysis  were  EPA  Methods 
353.1  for  NOj  and  NO3,  and  350.1  for  NH3  and  Waters  capillary 
electrophoresis  Method  N-601  for  Cl  and  SO4.  Quality  assurance 
measures  performed  on  this  set  of  samples  included  spikes, 
duplicates,  known  AQC  samples  and  blanks. 

If  you  have  any  questions  concerning  these  results,  please 
feel  free  to  contact  us. 


XC : 


R.L. 


G.B. 

J.L. 


J.T. 


Cosby 

Smith 

Seeley^ 

Wilson 


ManTech  Environmental  Research  Services  Corporation 


.  R^.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1198»  919  Research  Drive 
Ada,  Oklahoma  7482M 189  405436-8660  FAX  405-436-8501 


Samples  Received  July  18/  1996 


mg/L 

mg/L 

mg/L 

mg/L 

gamplft 

cr  ■ 

SQ4: 

NQIjiHQIjiia 

-NHs- 

WETF-IA 

3.87 

9.83 

1.62 

0.17 

WEFT-1 

8.03 

29.0 

0.52 

<.05 

WETF-4 

5.88 

210 

6.67 

<.05 

WETF-3 

3.16 

33.3 

3.02 

<.05 

WETF-12 

2.96 

18.5 

1.98 

<.05 

WETF-13 

3.11 

44.7 

2.52 

<.05 

WETF-13  Dup 

3.46 

44.9 

— 

— 

WETF-14 

6. 14 

436 

7.31 

<.05 

WETF-5 

2.98 

58.0 

1.86 

0.20 

WEMP-IS 

1.40 

5.55 

1.86 

<.05 

WEMP-ID 

2.46 

<.5 

5.57 

<.05 

WEMP-ID  Dup 

— 

— 

5.59 

<.05 

WECF-8 

.91 

4.70 

0.45 

0.14 

WEMP-8M 

1.57 

10.7 

2.61 

<.05 

WEMP-16D 

1.82 

3.96 

<.05 

0.26 

WEMP-5M 

6.10 

2.45 

<.05 

0.28 

WEMP-14M 

84.6 

11.1 

<.05 

5.21 

WEMP-14M  Dup 

84.1 

10.6 

— 

WEMP-14D 

131 

<.5 

0.09 

4.18 

WEMP-14D  Dup 

— 

____ 

0.11 

4.17 

Blank 

<.5 

<.5 

<.05 

<.05 

AQC 

56.0 

52.4 

0.37 

1.41 

AQC 

56.3 

52.5 

0.39 

1.40 

Spike  Rec. 

101% 

98% 

101% 

102% 

Scunples 

Received  July  22,  1996 

WECF-2 

<.5 

10.6 

<.05 

.28 

WECF-2A 

<.5 

<,5 

.10 

4.49 

WECF-3 

<.5 

<.5 

<.05 

2.81 

WECF-5 

<.5 

16.6 

.41 

<.05 

WECF-6 

5.93 

4.21 

<.05 

.53 

WECF-6A 

<.5 

13.3 

1.45 

<.05 

WECF-6 A  Dup 

<.5 

13.5 

— 

WEFT- 2 

2.29 

16.4 

1.32 

<.05 

WEFT-2A 

3.47 

208 

<.05 

1.54 

WEFT -7 

<.5 

61.1 

2.42 

<.05 

WEFT- 8 

<.5 

73.6 

1.90 

<.05 

mg/L 

mg/L 

mg/L 

mg/L 

gamplft 

ri- 

SQ*! 

NDIjiHQIjiia 

_MH3_ 

WEFT- 8  Dup 

.  «  .  . 

— 

1.92 

<.05 

WEFT- 11 

3.94 

224 

1.32 

1.63 

WEFT- 15 

1.58 

38.7 

.95 

<.05 

WEFT-16 

1.60 

4.15 

.61 

<.05 

WEMP-4S 

1.57 

<.5 

<.05 

4.81 

WEMP-IOS 

1.31 

7.88 

.75 

<.05 

WEMP-llS 

.76 

76.7 

.64 

3.93 

WEMP-12S 

1.48 

<.5 

<.05 

5.17 

WEMP-12S  Dup 

1.51 

<.5 

<.05 

5.13 

WEMP-15D 

9.75 

3.83 

<.05 

.32 

WEMP-15M 

3.33 

<•5 

<.05 

.18 

WEMP-15S 

1.59 

3.16 

2.73 

<.05 

Blank 

<.5 

< .  5 

< .  05 

<.05 

AQC 

55.5 

52.0 

.39 

1.50 

True  Value 

55.9 

52.0 

.39 

1.40 

Spike  Rec. 

102% 

101% 

101% 

102% 

I 


mm 

TECH^L 


Ref:  96-DF46 

Aug.  2,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 


P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 


sV 


Dear  Don: 

As  requested  in  Service  Request  SF—2— 223,  GC/MS  analysis  for 
phenols  and  aliphatic/aromatic  acids  was  done  on  three  water 
samples  taken  at  Westover  AFB.  These  samples  were  labeled: 
WEMP-14M,  WEMP-14D  and  WEFT-2A.  Derivatization  of  the  samples 
was  done  by  Amy  Zhao  on  July  22,  1996.  The  extract  was  analyzed 
by  GC/MS  on  July  28,  1996.  RSKERL  SOP  177  was  used  for  the 
extraction,  derivatization  and  GC/MS  analysis  of  the  samples. 

Table  I  provides  the  concentrations  of  the  phenols  and 
aliphatic/aromatic  acids  found  in  the  water  samples  from  Westover 
AFB.  Derivative  and  extraction  blanks,  an  extraction  recovery 
and  a  100  ppb  check  standard  are  also  included  in  the  table. 

Chromatograms  of  the  three  samples  are  provided  to  show 
additional  information  not  evident  from  the  quantitation  report. 
Each  chromatogram  shows  evidence  of  Cg  aliphatic  acids.  These 
acids  were  most  abundant  in  sample  WEI^*-14D.  C7,  C9  and  Cjq 
aliphatic  acids  were  also  found  in  this  sample. 

If  you  should  have  any  questions,  please  feel  free  to 
contact  me. 


Sincerely,  ^ 


Dennis  D.  Fine 


xc:  J.  Wilson 
J.  Seeley 
G.  Smith  jj' 
R.  Cosby 
D.  Fine 


ManTech  Enviroamental  Research  Services  Corporation 


R.S.  Kerr  Erivironmental  Research  laboratory,  P.O.  Box  1 198, 919  Research  Drive 
Ada,  OWahoraa  7482 1-1 189  405-436-8660  FAX  405-436-8501 
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Ref:  96-NV138/vg 

August  1,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  J.L.  Seeley 

Dear  Don: 

Attached  is  the  metal  analysis  report  (4535. LST)  for  six 
samples  (Westover  APB)  submitted  to  MERSC  as  part  of  Service 
Request  #65  under  EPA  Contract  #68-C3-0322.  The  samples  were 
received  on  July  24,  1996  and  analyzed  July  29  and  31,  1996.  The 
samples  did  not  receive  any  further  treatment  and  they  were 
analyzed  using  the  ICAP  system.  Lead  was  determined  using  GF-AAS 
and  results  are  in  report  PB60731-Lis;l.  SOP  for  the  ICP  and 
sample  calculations  were  according  to  the  procedure  and 
instructions  provided  by  Mr.  Don  Clark. 

If  you  have  any  questions,  please  feel  free  to  contact  me. 

Sincerely, 

Nohora  Vela 


xc :  R . L .  Cosby 
R.  Puls 
J.T.  Wilson 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory.  P.O.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  7482  M 189  405-436-8660  FAX  405-436-850 1 
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<  VALOE-LIMZT  OF  DETECTION  DETERMINED  BY  INSTROMENT  SENSITIVITY,  SAMPI2  DILOTION,  AND  MATRIX  INTERFERENCE. 

RESULTS  ACCURATE  TO  2  SIGNIFICANT  DIGITS  EPA/RSKERL/ADA,  OK 
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Ref:  96\LB59 

August  12,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU;  S.A.  Vandegrift<V 

Dear  Don; 

Please  find  attached  the  analytical  results  for  Service 
Request  SF-2-223  requesting  the  analysis  of  Westover  AFB 
groundwater  samples  to  be  analyzed  by  purge-and-trap/GC-FID;PID  for 
Benzene,  Toluene,  Ethylbenzene,  p-,  m-,  &  o-Xylene,  1,3,5-,  1,2,4-, 
&  1,2,3-Trimethylbenzene,  and  Total  Fuel  Carbon.  We  obtained  your 
36  groundwater  samples,  most  in  duplicate,  in  capped,  40  mL  VOA 
autosampler  vials  on  July  22,  1996,  and  they  were  analyzed  on  July 
24-25,  1996.  All  samples  were  acquired  and  processed  using  the 
Millennium  data  system.  A  5  place  (1-1000  ppb)  external  standard 
curve  was  used  to  quantitate  the  samples  for  the  compounds  of 
interest . 


RSKSOP-133,  "Simultaneous  Analysis  of  Aromatics  and  Total  Fuel 
Carbon  by  Dual  Column-Dual  Detector  for  Ground  Water  Samples"  was 
used  for  these  analyses .  Autosampling  was  performed  using  a 
Dynatech  Precision  autosampler  system  in  line  with  a  Tekmar  LSC 
2000  concentrator. 


Sincerely, 


Lisa  R.  Black 

xc;  R.L.  Cosby 
G.B.  Smith 
J.T.  Wilson 
J.L.  Seeley 


ManTech  Environmental  Research  Services  Corporation 

R^.  Kerr  Environmental  Research  laboratory,  P.O.  Box  1198, 919  Research  Drive 
Ada.  Oklahoma  74821-1 189  405-436-8660  FAX  405-436-8501 
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Ref:  96-SH83/vg 

August  13,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrif t 

Dear  Don : 

Attached  are  TOC  results  for  38  Westover  liquids  sxibmitted 
August  8,  1996  under  Service  Request  #SF-2-223.  Sample  analysis 
was  begun  August  8  and  completed  August  12,  1996  using  RSKSOP- 
102. 


Blanks,  duplicates,  and  AQC  samples  were  analyzed  along  with 
your  samples,  as  appropriate,  for  quality  control.  If  you  have 
any  questions  concerning  this  data,  please  feel  free  to  ask  me. 

Sincerely, 


xc : 


R.L. 


G.B. 


J.L. 


J.T. 


Cosby 

Smith 

Seeley 

Wilson 


ManTech  Environmental  Research  Services  Corporation 


US.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1189  405-436-8660  FAX  405-436-8501 


KAMPBELL  WESTOVER  LIQUIDS  SF-2-223 


SAMPLE 

MG/L 

WECF-2 

.282 

WECF-2A 

40.0 

WECF-3 

24.7 

WECF-5 

4.43 

WECF-6 

2.89 

WECF-6A 

2.87 

WECF-8 

9.20 

WEFT-1 

4.91 

WEFT-IA 

.409 

WEFT-2 

8.72 

WEFT-2  DUP 

8.93 

WEFT-2A 

16.8 

WEFT-3 

4.62 

WEFT-4 

2.61 

WEFT-5 

2.55 

WEFT-7 

1.78 

WEFT-8 

3.37 

WEFT-11 

5.80 

WEFT-llS 

11.7 

WEFT-12 

1.78 

WEFT- 13 

2.16 

WEFT-14 

5.33 

WEFT-15 

4.79 

WEFT-16 

.997 

WEMP-10 

.373 

WEMP-10  DUP 

.409 

WEMP-15D 

3.31 

WEMP-15M 

1.15 

WEMP-15S 

1.52 

WEMP-IS 

1.08 

WEMP-5M 

2.72 

WEMP-8M 

1.31 

WEMP-14D 

77.4 

WEMP-14M,REP 

1  28.5 

WEMP-14M,REP 

2  29.3 

WEMP-16D 

3.18 

WEMP-4S 

42.6 

WEMP-IS 

3.80 

WEMP-12S 

61.8 

WEMP-12S  DUP 

61.5 

WP035-II 

39.6 

WP035-II  STD  t.v.=40.1 


mm 
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Ref:  96JAD44 

August  14,  1996 


Or.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU;  S.A.  Vandegrift ^\/ 


Dear  Don: 


As  requested  in  Service  Request  #  SF-2-223,  headspace  GC/MS 
analysis  of  36  Westover  water  ssunples  for  chlorinated  volatile 
organics  was  completed.  The  samples  were  received  on  July  22,  1996 
and  analyzed  on  August  9-10,  1996.  RSKSOP-148  (Determination  of 
Volatile  Organic  Compounds  in  Water  by  Automated  Headspace  Gas 
Chromatography /Mass  Spectrometry  (Saturn  II  Ion  Trap  Detector)  was 
used  for  this  analysis. 

An  internal  standard  calibration  method  was  established  for 
the  12  compounds.  The  standard  curves  were  prepared  from  1.0  to 
4000  ppb.  The  lower  calibration  limits  were  1.0  ppb. 

A  qpiantitation  report  for  the  samples,  lab  duplicates,  field 
duplicates,  QC  standards  and  lab  blanks  is  presented  in  table  1. 


If  you  should  have  any  questions,  please  feel  free  to  contact 


me. 


Sincerely,.  .f) 
John  Allen  Daniel 


xc;  R.L.  Cosby 

G . B .  Smith  ^ 
D.D.  Pine 
J.L.  Seeley  J 
J.T.  Wilson 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1189  405-436-8660  FAX  405-436-8501 


Table  1 .  Quantitation  Report  for  S.R.  #  SF-2-223  from  Westover. 
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Table  2.  Quantitation  Report  for  S.R.  #  SF-2--223  from  Westover 

Concentration  =  ppb 
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WESTOVER  AIR  FORCE  BASE 
FIELD  DATA 


Sample 

Date 

Redox 

mv 

WEFT-1  A 

7-16-96 

300 

WEFT-1 

7-16-96 

205 

WE  FT- 4 

7-16-96 

272 

WEFT-3 

7-16-96 

281 

WEFT-12 

7-16-96 

288 

WEFT-13 

7-16-96 

278 

WEFT-14 

7-16-96 

281 

WEFT-5 

7-16-96 

184 

WEMP-IS 

7-17-96 

249 

WEMP-ID 

7-17-96 

227 

WECF-8 

7-17-96 

212 

WEMP-8M 

7-17-96 

240 

WEMP-16D 

7-17-96 

175 

WEMP-5M 

7-17-96 

125 

WEMP-14M 

7-17-96 

-90 

WEMP-14D 

7-17-96 

-125 

WeMP-15D 

7-17-96 

75 

WEMP-15S 

7-17-96 

170 

WEMP-15M 

7-17-96 

120 

WEFT-7 

7-17-96 

150 

WEFT-8 

7-17-96 

128 

WEFT  16 

7-17-96 

148 

WEFT-11 

7-17-96 

94 

Units 


Cond 

Carbon 

Dioxide 

mg/1 

Total 

Alkalinity 

mg/1 

CaCo3 

Ferrous 

Iron 

mg/1 

105 

80 

33 

<.05 

145 

62 

27 

<.05 

551 

84 

50 

<.05 

200 

34 

40 

<05 

109 

70 

30 

<05 

201 

140 

43 

<05 

910 

48 

57 

<05 

185 

76 

20 

1.5 

43 

40 

8 

<05 

70 

108 

6 

.3 

43 

96 

13 

1.5 

74 

134 

5 

<05 

64 

51 

32 

5.6 

81 

29 

5.3 

657 

184 

40.5 

839 

238 

45.3 

104 

142 

24 

6.2 

59 

82 

28 

<05 

58 

142 

24 

2.1 

255 

158 

126 

<.05 

305 

84 

134 

<05 

53 

148 

64 

<.05 

503 

176 

54 

3.1 

Sulfide 


Sample 

Date 

Redox 

mv 

WE  MP-IOS 

7-18-96 

280 

WEMP-115 

7-18-96 

137 

WEFT-IS 

7-18-96 

250 

WEMP-12S 

7-18-96 

90 

WEFT-2 

7-18-96 

250 

WEMP-45 

7-18-96 

-40 

WEFT-2  A 

7-18-96 

-159 

WE  CF-S 

7-18-96 

274 

WECF-2 

7-18-96 

-66 

WECF-3 

7-18-96 

-185 

WFCF6 

7-18-96 

-45 

WF  CF-6A 

7-18-96 

135 

WF  CF-2A 

7-18-96 

-125 

WESTOVER  AIR  FORCE  BASE 
FIELD  DATA 


Units 


5.0  33 


6.1  318  180 


6.0  208  240 


96 


6.2  418 


5.0  62 


6.5  77 


138  160 


Total 

Alkalinity 

mg/1 

CaCoj 

Ferrous 

Iron 

mg/1 

6 

<.05 

72 

3.0 

45 

<05 

31 

7.0 

64 

<05 

205 

37.3 

57 

23.5 

Sulfide 


P.2 


11-27-1996  2:21PM  FROM  APAB  /BPAB  405  436  8703 


MAmrmm 

TECHmmrn 


Ref:  96-JH76/vg 


August  19,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Lcdjoratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 


THRU 


:  S.A.  Vandegrift^v/ 


Dear  Don; 

Find  attached  results  for  methane  and  ethylene  on  samples 
received  July  18  and  22,  1996  from  Westover  under  Service  Request 
#SF>2-223.  Samples  were  prepared  and  calculations  done  as  per 
RSKS0P-i7S.  Analyses  were  performed  as  per  RSKSOP-147. 

If  you  have  any  questions  concerning  this  data,  please  feel 
free  to  contact  me. 

Sincerely, 


Jeff  Hickerson 


R.L.  Cosby 
G . B .  Smith 
J.L.  Seeley 
J.T.  Wilson 


ManTech  Environmenal  Researdi  Services  Coiporaiion _ 

ILS.  Kerr  Eoviionmental  Research  laboratory,  P.O.  Box  1198, 919  Research  Drive 
Ada,  Oldahoma 74821-1189  405436-8660  FAX  405436-8501 


11-27-1996  2s22PM 


FROM  ARAB  /BPAB  405  436  8703 


S#SF-2-223 

WESTOVER 


ANALYSIS  PRFORMED  8-12-96 
SAMPLE  METHANE  ETHYLENE 


LAB  BLANK 

BLQ 

ND 

WEFT-2 

BLQ 

NO 

WEFT-2A 

0.006 

ND 

WEFT-7 

BLQ 

ND 

WEFT.8 

BLQ 

ND 

"  UB  DUP 

BLQ 

ND 

WEFT-11 

BLQ 

ND 

WEFT-1  IS 

0288 

ND 

WEFT-15 

BLQ 

ND 

"FIELD  DUP 

BLQ 

ND 

WEFT-16 

BLQ 

ND 

10PPMCH4 

9.59 

NA 

100PPMCH4 

99.97 

NA 

1000  PPM  CH4 

999.82 

NA 

1%CH4 

1.03 

NA 

10%  CH4 

10.00 

NA 

20%  CH4 

2028 

NA 

10PPMC2H4 

NA 

10.16 

100PPMC2H4 

NA 

99.98 

LIMIT  OF  QUANTITATION. 

METHANE  ETHYLENE 

0.001  0.003 


SAMPLE  UNITS  ARE  mg/L 
STANDARDS  UNITS  CORRESPOND 
TO  THE  SAMPLE  COLUMN. 


BLQ  DENOTES  BELOW  LIMIT  OF  QUANTITATION. 
ND  DENOTES  NONE  DETECTED. 

NA  DENOTES  NOT  ANALYZED. 


APPENDIX  C 


ANALYTICAL  MODEL  OUTPUT 


022/722450/WESTOVER/17.WW6 


APPENDIX  C-1 

ANALYTICAL  MODEL-DECAY  1% 


022/722450/WESTOVER/17.WW6 


TRANSIENT  SOLUTION  TO  THE  ADVECTTVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMEMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (2.82 
mg/1  SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC 
DECAY,  VARIABLE  TIME,  CONSTANT  LOCATION) 


Hvdrogeologic  Data 
Hydraulic  conductivtiy 
Hydraulic  gradient 
Effective  porosity 
Total  porosity 

Longitudinal  dispersivity  (EPRI,  1985) 

Concentration  of  Injected  Contaminant 
Initial  Dissolved  Contaminant  Concentration 

Retardation  CoefScient  Calculation 
Solute  Decay  Rate 
Source  Decay  Rate 
Soil  soiption  coeflScient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 
Retardation  coefficient 

Groimdwater  Hydraulics  Calculations 

Groundwater  velocity  (pore-water)  v  ^  •  =—  v  ^  0.052 

n  e  day 

Contaminant  velocity  Vc:=^  =  0.052*^ 

f^2 

Longitudinal  dispersion  coefficient  D  x  x  ^  x  ^  x  ^  8.477 •— 


k:=1.0SJ“ 

day 

i:=0.01* 

ft 

ne:=0.2 

n:=0.35 


c.:=2.82J?i- 

‘  liter 

Co-0.016.i51S. 
“  Uter 


X :  =0.0034.-1- 

day 

o:  =0.0000274.  J- 

day 

Koc:=79.1!^i 


Pb-1.65.^ 

cm 

foe -0.000001 


^:-l^Pb»^°cfoc  R.  1.001 


c:^>rotocol\append-d\cquations\lDDT.MCID 


35  Meters  from  the  Source  Area  (Base  Boundaiy) 


Initial  Plume  Distribution  Calculation 

year ‘=365*day  365 

At  :=500-day 
t. '  =At*i 


X  !=35‘m 


For  Retarded  Flow  with  Biodegradation  and  a  Deca5Tng  Source  (van  Genuchten  and  Alves,  1 982) 


Cj  ;=C  o 


1-1.  1 -erf. 


/R.x-Vx-tj 


/  2,  ' 

■^x  •‘i 


+  C.. 


\X-Dx-R/ 


.exp 


(R.x-Vx-tj) 


4-D^Rt. 


2\^Dx^DxR/  in. 


Vx 

Vx+^'x-  1 

|l+^•°*•^(X  a) 

4 

e*p 


2 


2.D, 


1  —  erfl 


2'^Dx.R.t. 


,  4-0  ^.R.  ^ 

1+ - ^.(X-a) 

2 


2.DxR(>— a) 


•exp 


Vx+'^x- 


4.0 -R 


(X-a) 


2-0, 


1  -  erfl 


Rx+V''x- 


,  40 xR  , 

1+ - (X-a) 


2. 


■eiq) 


.(X-o).tj 


.|l-eif 


Rx+Vx-tj) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Time  (years) 


Dissolved  BTEX  Concentration  (mg^)  versus  Time  (years) 


year 


c:\protocol\append-d\equationsMDDT.MCD 


114  Meters  from  the  Source  Area  (Monitoring  Well  TF-8) 


Initial  Plume  Distribution  Calculation 

year ’=365'day  i  1=1. .365  x‘=114-m 

At  I =500- day 

tj:=At-i 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


c:^m)tocoI\appcnd-d\c<juations\  IDDT.MCD 


150  Meters  from  the  Source  Area 


Tnitial  Plume  Distribution  Calculation 

year  ■=365*day  365 

At  :=500-day 


t. :  -At-i 


X  !  =  150*m 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Rx-l-tjVjt- 

,  4d.r  , 

1+ - 1— (X-a) 

2 

erf 

Vx 

2- 

Dissolved  BTEX  Concentration  (mg/L)  versus  Time  (years) 


year 


Dissolved  BTEX  Concentration  (mg/L)  versus  Time  O^ears) 


year 


c:\protocoI\appcnd-<I\cqiiations\lDDT^CD 


TRANSIENT  SOLUTION  TO  THE  ADVECTTVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (2.82  mg/1 
SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
CONSTANT  TIME,  VARIABLE  LOCATION) 


[vdrogeologic  Data 


Hydraulic  conductivtiy 

k:=1.05.JL 

day 

Hydraulic  gradient 

i:=0.01* 

ft 

Effective  porosity 

ng'=0.2 

Total  porosity 

n:=0.35 

Longitudinal  dispersivity 

ttjj  :=15'ni 

Concentration  of  Injected  Contaminant 

c,:=2.82-ei. 

’  liter 

Initial  Dissolved  Contaminant  Concentration 

Co-0.016-.^ 

°  Hter 

Retardation  Coefl5cient  Calculation 

Solute  Decay  Rate 

x:  =0.0034 

day 

Source  Decay  Rate 

o:=0.0000274-L 

day 

^  Soil  sorption  coefiBcient  (EPA,  1990) 

Koc-79.— 

gm 

Bulk  density  (Freeze  and  Cherry,  1979) 

Pb-l-65-S^ 

cm 

Organic  carbon  content 

foc:=0.000001 

Retardation  coefficient 

_  Pb’^ocToc 

r.=1h — - - 

“o 

Groundwater  Hvdraulics  Calculations 

Groundwater  velocity  (pore-water) 

v-:=^  v,  =  0.052‘J2. 

*  »e 

Contaminant  velocity 

v,:=^  ve  =  0.052-^ 

R  day 

Longitudinal  dispersion  coefficient 

Dx  ’=avVx  Dx  =  8.477*— 

*  *  *  *  day 

R  =  1.001 


l:U5028\analycl\lDDX2.MCD 


5.5  Years  Ago  (1989-1995) 

t  :=2000-day 

Ax  !=l-m 
Xj  :=Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


^Initial  Plume  Distribution  Calculation 


j:=0..400 


l:U5028\aiulycIMDDX2.MCD 


2  Years  From  Present  (1989-1997) 

^  Initial  Pliime  Distribution  Calculation 


:=0..400 

Ax 


t  :=2730*day 


Xj  :-Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


Dissolved  BTEX  Concentration  (mg^)  versus  Distance  (meters) 


m 


l:V4S028\anaIycI\lDDXZMCD 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMEMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (2.82 
mg/1  SOURCE  DECAYING  AT  5  %/year  WITH  A  0.0034  day-1  ANAEROBIC 
DECAY,  VARIABLE  TIME,  CONSTANT  LOCATION)  AFTER  BIOVENTING 
mip'ARTUP 

Hvdrogeologic  Data 
Hydraulic  conductivtiy 
Hydraulic  gradient 
Effective  porosity 
Total  porosity 

Longitudinal  dispersivity  (EPRI,  1985) 

Concentration  of  Injected  Contaminant 
Initial  Dissolved  Contaminant  Concentration 


k:=1.05.“- 

day 

i;=0.0l5 

ft 

n«:=0.2 


«;=0.35 


Ojj 


C,:=1.66-5!8 

•  Bter 

Co:=0.017.®S- 
°  liter 


Retardation  Coefficient  Calcxilation 
Solute  Decay  Rate 
Source  Decay  Rate 
Soil  sorption  coefficient  (EPA,  1990) 

1 

Bulk  density  (Freeze  and  Cherry,  1979) 
Organic  carbon  content 
Retardation  co^cient 


x:=0.0034-L 

day 

a:=0.000137.J- 

day 


mL 
gm 


Kqc  •"‘79* 


Pb:=1.65.SL 

cm 

foe  :=0.000001 


^  ._1  ^Pb£o££oc  R  =  1.001 


Groundwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 

v,:=^ 

V.  =  0.052‘^ 

*  day 

Contaminant  velocity 

Ve  =  0.052*^ 

®  day 

Longitudinal  dispersion  coefficient 

Dx:=“x''x 

D-  =  8.477*^ 
*  day 

c:^)rotocol\appcnd-d\cquations\lDDT.MCD 


35  Meters  from  the  Source  Area  (Base  Boundary) 


Dissolved  BTEX  Concentration  (jatfL)  versus  Time  ^ears)  Dissolved  BTEX  Concentration  (mg^)  versus  Time  (years) 


c:\protocol\appcnd"d\equations\lDDT.MCD 


114  Meters  from  the  Source  Area  (Monitoring  Well  TF-8) 


Initial  Plume  Distribution  Calculation 

year ‘=3 65*  day  i^=l.,  365 

At  1=500*  day 


X  l-114*in 


t£l=At*i 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj:=Coexp(-Xtj)- 


1_±.  l_erf. 


Rx-VjtjW  /Vx-t; 


+c 


2  i  \*°x- 


I -exp 


(R-^-Vx-tj) 

4.Dx.R.tj 


2\  Dx  Dx-r/ 


•ll-eif 


/Rx+Vx-tj 


2. 


■ 

Vx 

Vx+^x-  I 

4 

Vx 

■exp 


l^±££^.(X_a) 


2d, 


1  -cm 


,  4DxR,,  , 

1+ - ^(X-a) 

2 


2. 


Vx 

1 

L  4*D„*R 

> 

1 

X 

> 

1+- 

_^.(X-a) 

Vx 

J 

2 

Vx 

2-Dx-R(X-a) 

•esq) 

■:iiE-_(x 

•rap 


vx-l-vx- 


4-DxR 


(X-o) 


2D, 


•ll  -of 


Rx-HVx-t,\ 

\2-V^il 


1 

1,  4DxR  , 

[1+ - ^.(X-a) 

Rx-f-tj-Vx- 

erf 

4 

Vx 

2- 

-^/Dx-R-tj 

Dissolved  BTEX  Concentration  (mg/L)  versus  Time  (years) 


Dissolved  BTEX  Concentration  (mg^)  versus  Time  (years) 


tj 

year 


c:\protocoi\append-d\equatiom\  1  DDT.MCD 


130  Meters  from  the  Source  Area 


Tnitial  Plume  Distribution  Calculation 
year  *=365-day  i  1=1. .365 

At  :=500-day 


:=Ati 


X  :=130in 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Cj  •  — C  ‘ 


1-1.  1 -erf - 


/R-x-Vx-t.  W  /  Vx  -t. 


+C,Kq»(-at.y 


2^  \*I>X-R/  I  4. 


•oq> 


■ 

Vx 

Vx+^'x-  1 

4 

•exp 


filial  ^i.  f  1  +li^+liL^].expfli^y /l  -  erffcli^' 

t-Dx-R-tj  2\  Dx  Dx-R/  l^x/^  ^2-^Dx-Rtj 


u±E|5.,i-« 


2-D, 


1  -eifl 


Rx— t. 


,  4-Dx-R  , 
l-l- - (X-o) 


2-^Dx-Rti 


,  4.D  .R 

Vx-Vx*  In - - — 


2.DxR(A.-a) 


•exp 


Vx-I-Vx- 

4-DxR  , 

Rx-t-V^'x- 

L  4-Dx  R  , 

1  +  *  -(A.  a) 

4  “T  «  V'*'  '*/ 

2 

Vx 

1-eif 

2 

Vx 

2Dx 

- 

2. 

V  v*x 

./l_erf 

/Rx-(-Vx-tj\\ 

•exp 

_* — (A-a)-t. 

— ; - -\\ 

[Dx  ‘J 

1  I 

Dissolved  BTEX  Concentration  (mg^)  versus  Time  (years) 


Dissolved  BTEX  Concentration  (mg4L)  versus  Time  (years) 


c:^)rotocol\append'd\equations\  IDDT.MCD 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/1 
SOURCE  DECAYING  AT  5  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
CONSTANT  TIME,  VARIABLE  LOCATION)  AFTER  BIOVENTING  STARTUP 


[vdrogeologic  Data 
Hydraulic  conductivtiy 
Hydraulic  gradient 
Effective  porosity 
Total  porosity 
Longitudinal  dispersivity 
Concentration  of  Injected  Contaminant 
Initial  Dissolved  Contaminant  Concentration 


k:=1.05.®- 

day 

i:=0.01.5 

ft 


iie:-0.2 


ii:=0.35 


«x-=15“ 


c,:=1.66.J2B. 

liter 

c.:=0.017.-??« 

®  Ktcr 


Retardation  Coefficient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coeflScient  (EPA,  1 990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coefficient 


x:=0.0034.JL 

day 

o:=0.000137.i- 

day 


Koe-79  — 
gm 


Pb-i-65-e| 

cm 

f„,:=0.000001 


R  :=!■,■  R=  1.001 


Groimdwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 

V 

''x  •  - 

“e 

V.- 0.052 ‘-SL 
*  d»y 

Contaminant  velocity 

V  =1* 

Ve  =  0.052‘-” 

®  day 

Longitudinal  dispersion  coefiBcient 

Dx  =  8.477 

*  day 

l:\45028\analycl\lDDX2BV.MCD 


2  Years  From  Present  (1995-1997)  After  Bioventing 

rtial  Plume  Distribution  Calculation 

j:=0..400  t’=690day 

Ax  ■=l-in 
xj  :=Axj 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters)  Dissolved  BTEX  Concentration  (mgn>)  versus  Distance  (meters) 


l:U5028\analycMDDX2BV.MCD 


5  Years  From  Present  (1995-2000)  After  Bioventing 
^Initial  Plume  Distribution  Calcxilation 
®  j:=0..400  t:=1825day 

Ax  :=l-m 
Xj  :=Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


l:\45028\analycMDDX2BV.MCD 


10  Years  From  Present  (1995-2005)  After  Bioventing 

rtial  Plume  Distribution  Calciilation 

j:=0..400  t:=3650-day 

Ax  :=l'm 
Xj  ;=Axj 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


l:U5028\analycMDDX2BV.MCD 


•r 


20  Years  From  Present  (1995-2015)  After  Bioventing 

itial  Plume  Distribution  Calculation 

j : =0 ..  400  t :  =7300-day 

dx  .'=l-in 


xj  :-Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


c.  :=c 


1  1  -  erf 


/R.x.-Vx*t\\  /  v3t 


+  Cs«q)(~at). 


•exp 


4d  x-Rt 


■ 

Vx 

,  4d-r  , 

[1+ 1— (X-o) 

'N 

•exp 


2  I  Bx  Ib,  I  ^ 


2 


2-d, 


1  -  erd 


RXj-t| 


j^4-DxR(^_tt) 

2 


2-V^ 


•Rt 


•®q> 


2D-R(X-a) 


•exp 


l_(X_o)t 


2D, 


1  -on 


RXj+tVx- 


,  4  D_-R  , 

1+ - 5-.(X-a) 

2 


2-VDxrR-t 


2-^d^r- 


Dissolved  BTEX  Concentratioii  (mg/L)  versus  Distance  (meters) 


, Dissolved  BTEX  Concentration  (mg^)  versus  Distance  (meters)  ^ 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


m 


l:\45028\anaIycI\lDDX2BV.MCD 


30  Years  From  Present  (1995-2025)  After  Bioventing 


itial  Plume  Distribution  Calculation 
j:=0..400 


Ax 


t  :=10950day 


Xj  :=Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


m 


l:\45028\analycl\lDDX2BV.MCD 


50  Years  From  Present  (1995-2045)  After  Bioventing 

Mnitial  Plume  Distribution  Calculation 
*  j:=0..400  t:=18250day 

Ax  :=l'in 
Xj  :=Axj 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


I:U5028\analycMDDX2BV.MCD 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMEMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (2.82 
mg/I  SOURCE  DECAYING  AT  50  %/year  WITH  A  0.0034  day-1  ANAEROBIC 
DECAY,  VARIABLE  TIME,  CONSTANT  LOCATION)  AFTER  BIOVENTING 
#  TARTUP 

Hvdrogeologic  Data 


Hydraulic  conductivtiy 

k:=1.05.^ 

day 

Hydraulic  gradient 

I  :=0.01.5 

ft 

Effective  porosity 

«e:=0.2 

Total  porosity 

n;=0.35 

Longitudinal  dispersivity  (EPRI,  1985) 

a^:=15.m 

Concentration  of  Injected  Contaminant 

c.:=1.66.^ 

liter 

Initial  Dissolved  Contaminant  Concentration 

Co:=0.017.^ 

°  Uter 

Retardation  CoefiBcient  Calculation 

Solute  Decay  Rate 

X:=0.0034.-L 

day 

Source  Decay  Rate 

a:  =0.00137-1- 

day 

Soil  sorption  coefficient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

k^:=79.1^ 

gm 

Pb  ”l-65'^ 

cm 

Organic  carbon  content 

Retardation  coefficient 

foc-O.OOOOOl 

_  Pb'^oc'^oc 

R  .  =  1  ^ - 

"c 

Groundwater  Hvdraulics  Calculations 

Groundwater  velocity  (pore-water) 

v^  =  0,052*-“ 

*  nc  day 

Contaminant  velocity 

Ve  =  0.052-^ 

®  R  day 

Longitudinal  dispersion  coefficient 

D  8.477*— 

XXX  X 

c:^m)tocol\append'<]\equations\  1DDT.MCD 


35  Meters  from  the  Source  Area 


Initial  Plume  Distribution  Calculation 

year '=365-day  i'=l..  365 

At  :=100-day 


tj  :=Ati 


X  '.-35-in 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj  :=c  o  Bq)(-X  tjy 


+  Cg-e!q>(-atjy 


l_erf. 


^R-x-Vx-tjU  v^.t. 


2  ^  \*  Dx- 


exp 


(R-x-Vx-^)^ 

4D*.Rtj 


4-  (l  -rfijSV  fl  - 

2\  D,  V,.kI 


■ 

vx 

Vx+Vx-  1 

1  2 

4 

exp 


2d, 


1  — eifl 


Rx-tj. 


,  4  d_.r  , 

1+ - ^(X-a) 

2 


,  4.Dx  R  „  , 

Vx— Vx*  1h - (^-«) 


2-Dx-R(A.-a) 


■exp 


Vx+Vx- 


,  4DxR  , 

1+ - 5_.(X-a) 

2 


2D, 


exp 


V 

_^-(X-a).tj 


^1  —  erfl 

fR.x+Vx-t.\\ 

i  ' 

1  -  cm 


2v 

jDx-Rti 

Rx-htj-v^-  1 

(,  4DxR  , 

1+ - (X-a) 

4 

Vx 

2- 

Dissolved  BTEX  Concentration  (mg/L)  versus  Time  (years) 


year 
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APPENDIX  C-2 

ANALYTICAL  MODEL-DECAY  8% 


022m2450/WESTOVER/17.WW6 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMEMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (30 
mg/I  SOURCE  DECAYING  AT  8  %/year  WITH  A  0.0034  day-1  ANAEROBIC 
ECAY,  VARIABLE  TIME,  CONSTANT  LOCATION) 


Hvdrogeologic  Data 
Hydraulic  conductivtiy 
Hydraulic  gradient 
Effective  porosity 
Total  porosity 

Longitudinal  dispersivity  (EPRI,  1985) 
Concentration  of  Injected  Contaminant 
Initial  Dissolved  Contaminant  Concentration 


k:=1.05“- 

day 

i:=0.0ll^ 

ft 

.e:=0.2 

n;=0.35 


ttjj  :=15-m 


c,:=3a^ 

‘  Uter 

C  •=0.0.H« 
°  Uter 


Retardation  CoefScient  Calculation 
Solute  Decay  Rate 
Source  Decay  Rate 
Soil  sorption  coefficient  (EPA,  1990) 
Bulk  density  (Freeze  and  Cherry,  1979) 
Organic  carbon  content 
Retardation  coefficient 


x:=0.0034-L 

day 

a:=0.000219-L 

day 


gm 


p,:=1.65.J2L 

cm 

f«,:=0.000001 


R  =  1.001 


Groundwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 

vx:=^ 

"c 

vx  =  0.052*-!2- 
*  day 

Contaminant  velocity 

II 

O 

> 

vc  =  0.052*^ 

®  day 

Longitudinal  dispersion  coefiScient 

Dx  -“x^x 

D,  =  8.477*.^ 

*  day 

c:^»rotocol\appcnd-d\cqiiations\lDDT.MCD 


35  Meters  from  the  Source  Area  (Base  Boundary) 


Initial  Plume  Distribution  Calculation 


year ‘-365* day  365 


At !  =500- day 


X  !=35-m 


t.  i  =At-i 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Cj  :=C  o  exp(-X  tj) 


1_±.  l_erf. 


v.-t. 


+  C 


,.exp(-atj) 


2  \ 


•oq) 


4-D  x-Rtj 


H-r- 


Vx 

'  4.Dx-R  , 

Vx+Vx* 

[l+ - (X-a) 

Vx 

•«aq) 


vx-^x- 


2d, 


1  — eifl 


A  , 

|l  —  Clf 

fRx-t-Vx-tj' 

^Dxi 

R-x  — tj* 

Vx- 

. _ 

4  Dx-R  . 

- i— (X-o) 

2 

/Dx-R-tj 

4-d*-r 


(X-a) 


2Dx-R(X-a) 


•exp 


4DxR  , 

1+ - 1— (X-a) 

Vx 

•X 

•  1  -  erf 

R•x^-V''x• 

A 

L  4DxR  , 

1+  *  .(X  a) 

2 

Vx 

2Dx  J 

2.,^DxR-ti  JJ 

1 

J 

l2^-(X-o).tj 

1  -erf 

/R-x-t-Vx-tjU 

•exp 

■ - -W 

L°x  .  J 

i  ' 

i2-^i>x.Rti;/ 

Dissolved  BTEX  Concentratloii  (mgflL)  versus  Time  (years)  Dissolved  BTEX  Concentratloii  (mg(L)  versus  Time  (years) 
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114  Meters  from  the  Source  Area  (Monitoring  Well  TT-8) 


Initial  Plume  Distribution  Calculation 


year  I-365'day  i  ’-1 ..  365 


At  :=500  day 


x:=114.m 


t.  :=At-i 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj:=Coexp(-Xtj)- 


1 - 1  -Clff 

2 


/R-X-Vx-t.  W  /  Vx  -t. 


2. 


+  c 


\*-Dx-R/ 


l-eaq) 


4.D*Rtj 


111  '''x**  /^x'^ 

.j - — 5 — I - -ciq) - 

^2  \  Dx  d*.r/ 


Vx 

Vx+^'x-  j 

4 

Vx 

•exp 


uiE#.,!-., 


2d, 


1  -  Cffl 


,/^il 


2. 


R-x-tj- 


2 


2. 


'x-vx- 

V, 


2DxR(^-«) 


•exp 


'^x+Vx- 


2D, 


■exp 


■J(  {2.^J 


I,  4DxR  , 

1+ - (X-a) 

1  2 

R  x-t-tj  Vx-  j 

erf 

4 

Vx 

2. 

-^/DxR‘i 

Dissolved  BTEX  Concentration  (mg/L)  versus  Time  Orcars) 


year 


Dissolved  BTEX  Concentration  (mg/L)  versus  Time  (years) 


year 
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TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (30  mg/1 
SOURCE  DECAYING  AT  50  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
ONSTANT  TIME,  VARIABLE  LOCATION)  AFTER  BIO  VENTING 


[ydroceologic  Data 


Hydraulic  conductivtiy 

k;=1.05.-2- 

day 

Hydraulic  gradient 

i:=0.01.* 

ft 

Effective  porosity 

nc:=0.2 

Total  porosity 

n:=0.35 

Longitudinal  dispersivity 

a^-lSm 

Concentration  of  Injected  Contaminant 

c  •=1.73  J!!8 

*  Hter 

Initial  Dissolved  Contaminant  Concentration 

Co-0.022.^ 

°  Uter 

Retardation  Coefficient  Calculation 

Solute  Decay  Rate 

x:  =0.0034-1 

day 

Source  Decay  Rate 

o:  =0.001 37.-1 

day 

^1^  Soil  sorption  coefficient  (EPA,  1 990) 

Koc:=79.15i^ 

gm 

Bulk  density  (Freeze  and  Cherry,  1979) 

Pb-l.65.-eL 

cm 

Organic  carbon  content 

foe-0.000001 

Retardation  coefficient 

_  Pb'^^oc'^oc 

R.=1h — - - 

“c 

Groundwater  Hydraulics  Calculations 

Groundwater  velocity  (pore-water) 

Vx-0.052*“- 
*  Be  day 

Contaminant  velocity 

Vc=0.052-^ 

®  R  ®  day 

Longitudinal  dispersion  coe£Scient 

Dx**  8.477* — 

*  3C  X  * 

R- 1.001 


l:U5028\analycl\lDDX3.MCD 


11  Years  From  Present  (1995-2006) 


itial  Plume  Distribution  Calculation 
j:=0..200 
Ax  *=l*m 


t  *=4015*day 


Xj  :=Ax»j 

For  Retarded  Flow  with  Biodegradation  and  a  Decjoring  Source  (van  Genuchten  and  Alves,  1982) 


Dissolved  BTEX  Concentratioii  (mg/L)  versus  DisUnce  (meters) 


m 


Dissolved  BTEX  Concentratioii  (mg/L)  versus  Distance  (meters) 


m 


l:U5028\analycMDDX3.MCD 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (30  mg/I 
SOURCE  DECAYING  AT  8  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
ONSTANT  TIME,  VARIABLE  LOCATION) 


[vdrogeologic  Data 


Hydraulic  conductivtiy 

Hydraulic  gradient 

Eflfective  porosity 

Total  porosity 

Longitudinal  dispersivity 

Concentration  of  Injected  Contaminant 

Initial  Dissolved  Contaminant  Concentration 


k:=1.05.^ 

day 

i:=0.01* 

ft 

lie -=0.2 

n:=0.35 
«x’  =  15m 
c  -rSaJSS. 

‘  Uter 
Co-0.0.^ 


Retardation  Coefficient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coeflBcient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coefiScient 


Groundwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 


Contaminant  velocity 


Longitudinal  dispersion  coefficient 


X:=0.0034.-L 

day 

a:=0.000219-i- 

day 

Koc:=79S^: 

gm 


Pb-1.65.^ 

cm 

fee-0.000001 


R  =  1.001 


.:=J^  v,  =  0.052 ‘-S!- 

n. 


Ve  =  0.052*-” 

®  day 


Dx:=<»x’'x 


D,  =  8.477*^ 

*  day 


I:\45028\analycI\lDDX3.MCD 


t  :=10950d»y 


Xj  :-Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters)  Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 

2| - 1 - 1 - 1 - 1 - 1  01 1  I  (  T  I  I 


l:U5028\aiuilycl\lDDX3.MCD 


2  Years  From  Present  (1965-1997) 

rtial  Plume  Distribution  Calculation 

j;=0..200  t:=11680day 

Ax:=l'm 
Xj  :=Axj 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


0.4 


Ims} 
\Utcr/  0.2 


n 

IB 

1 

1 

■ 

1 

20  40  60  80  100 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


l:U5028\analycl\lDDX3.MCD 


5  Years  From  Present  (1965-2000) 

itial  Plume  Distribution  Calculation 

j;=0..200 


ix  :-l'm 


t  := 12675-day 


Xj  :-Ax-j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


m 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


m 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


m 


l:U5028\aiialycI\lDDX3.MCD 


10  Years  From  Present  (1965-2005) 


[nitial  Plume  Distribution  Calculation 
j:=0..200 
6x  :=l-m 


t  :=14600-day 


Xj  :-Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


5 


5 


m 


Dissolved  BTEX  Concentration  (mg^)  versus  Distance  (meters). 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


l:\4S028\amiIycMDDX3.MCD 


20  Years  From  Present  (1965-2015) 

Jnitial  Plume  Distribution  Calculation 


j:=0..200  t:=18250-day 


Xj  :-Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


,  1  /,  /R-X,-Vx-t\\  (R-Xj-Vx-t)  1  1  ,  Vx-Xj  ,  v/t  __/vxXj\  /, 


Rx;-HVxt\ 


2jDxRt/ 


+  Cg-e3qj(-a-t)- 


Vt-Vx- 


,  4-0  x  R  , 

t-vx-  1+ - — .(X-a)  Xj 


,  4D  .R 

'x+vx-  1+ - |_.(X-a).Xj 


,  4DxR  , 

R-X;-t- Vx'  1h - (X-a) 

J  2 

I  Al  '*'x  J 

2-jDxRt 


,  4-D,  R  ,  . 

RXj+tVx-  1+ - 5— (X-a) 

A  V, 


2JDx-Rt 


- - -oqi  *  ^  -  (X—  a)-t  •  1  -  erf  — i 

2-D_-R-(X-a)  L  °x  J  \  \2-J 


2JDxRt 


Dissolved  BTEX  Concentratioii  (mg/L)  versus  Distance  (meters) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 
0.1 1 - [ - 1 - 1  I  1 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 
0.1 1 - 1 - 1 — I - 1 - 1 - 1 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 

0.01 1 - 1 - n - 1 - 1 


/m£\0.0 

\iiter/ 
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30  Years  From  Present  (1965-2025) 


itial  Plume  Distribution  Calculation 
j:=0..200 


Ax  ‘-l-m 


t  '=21 900-day 


Xj  :=Ax.j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Dissolved  BTEX  Concentration  (mgfL)  versus  Distance  (meters) 


Dissolved  BTEX  Concentration  (m^)  versus  Distance  (meters) 


l:\45028\analycl\lDDX3  .MCD 


m 


50  Years  From  Present  (1965-2045) 

[nitial  Plume  Distribution  Calculation 

j:=0..200  t:=29200day 

^  i=l-m 


Xj  :-Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Cj  ;=C  o-eiqit-X  t)- 


1 . 1  /l .  -  i^]  J 


+  C  8-exp(-a-t)- 


2  \  \*d,R 


4DxR-t 


^2  \  Dx  Dx-r' 


•  ll-erf — i 


RXi+Vxt\\ 


' 

Vx 

Vx+Vx- 

Vx 

C3Cp 


2d, 


1  -  Clfl 


R*Xj  — t- 


\2.^/^ 


1+^ -^  (X-a) 
2 


2-^ 


Kt 


'  4.d„.r  , 

Vx-Vx-  |1+ - |-(X-a) 


iDjrR-iX-a) 


•caq) 


Vx+^x* 


1-1 - 5_.(X-a) 

2 

V, 


'CXp 


'x‘*i 


l_(X-o)t 


2D, 


,  ,  R*x.  -(“V  x*t 


2^^ 


1  -etfl 


Rxj+tVx- 


2.,/d 


Rt 


x-is^i 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


Dissolved  BTEX  Concentration  (mj/L)  versus  Distance  (meters). 


5 
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60  Years  From  Present  (1965-2055) 

^Tiitial  Plume  Distribution  Calculation 
W  j.-0..200  t:=32850day 

Ax  :=l'm 
xj  :=Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


l:V4S02S\aiialycMDDX3.MCD 


APPENDIX  C-3 

ANALYTICAL  MODEL-DECAY  10% 


(tt2/722450/WESTOVEIV17.WW6 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMEMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (2.69 
mg/1  SOURCE  DECAYING  AT  10  %/year  WITH  A  0.0013  day-1  ANAEROBIC 
ECAY,  VARIABLE  TIME,  CONSTANT  LOCATION) 


Hvdrogeologic  Data 
Hydraulic  conductivtiy 
Hydraulic  gradient 
Eflfective  porosity 
Total  porosity 

Longitudinal  dispersivity  (EPRI,  1985) 
Concentration  of  Injected  Contaminant 
Initial  Dissolved  Contaminant  Concentration 


k:=1.05.-5L 

day 

i;=0.01.5 

ft 

n«:=0.2 


It:  =0.35 


ttjj  i-15*m 


C  •=2.69.i!18 
®  liter 


Co:=0.016.“i. 

°  Hter 


Retardation  Coefficient  Calculation 
Solute  Decay  Rate 
Source  Decay  Rate 
Soil  sorption  coefficient  (EPA,  1990) 
Bulk  density  (Freeze  and  Cherry,  1979) 
Organic  carbon  content 
Retardation  coefficient 


X:=0.0013.-L 

day 

a: =0.000274.  J- 

day 


Koc 

mL 

gm 

Pb' 

=1.65-8" 

3 

cm 

^OC  ' 

=0.000001 

r:= 

J  Pb-Koc-i 

R  =  1.001 


Groundwater  Hydraulics  Calculations 

Groundwater  velocity  (pore-water) 

v,:=iy 

«C 

Vx  =  0.052 *22- 

*  day 

Contaminant  velocity 

Vg. - 

®  R 

Ve- 0.052 
®  day 

Longitudinal  dispersion  coefficient 

D-  =  8.477*^ 

*  day 

c:\protocol\appcnd-d\equations\  1DDT.MCD 


35  Meters  from  the  Source  Area  (Base  Boundary) 

Initial  Plume  Distribution  Calculation 

year  •=365*day  =  365  x--35*m 

At  :=100*day 
t- '=At-i 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves, 
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114  Meters  from  the  Source  Area  (Monitoring  Well  TF-8) 


Initial  Plume  Distribution  Calculation 

year  :=365'day  i  ..  365 

At  '.=500-day 


tj  :=At  i 


x:=114.m 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj  :=C  o-exp^-Vtj) 


1-1.  1 -erf. 


^R.x-Vjj-tjU  vx-tj 


+  C,exp(-at^ 


2  \  \*Dx-R 


■ejq> 


(R.x-v,.tj)^ 

4.Dx.R.tj 


2\  Dx-W  l^xil  \2.^, 


Vx 

Vx+^'x- 

L  4-0  x-R  ,  , 

|1+ - (X-a) 

exp 


Vx-Vx- 


,  4-Dx  R  . 

1+ - |_.(X-a) 

2 


2-0, 


1  -  eifl 


Rx-t. 


,  4DxR  , 

- ^(X-a) 

2 


2 


2.DxR(*— «) 


■exp 


Vx+''x- 


,  4-d„.r  , 

1+ - ^.(X-a) 

2 


r^x* 

a 

-(X-a).t. 


•  1 1  -  erf 


2D, 


2*. 


A/^i/ 


1,  4-0  x-R  , 

1+  *  .(X-a) 

1  2 

Rx+tj-vx-  1 

crjf 

4 

Vx 

2- 

/^/Dx-Rti 

Dissolved  BTEX  Concentration  (mg/L)  versus  Time  (years) 


Dissolved  BTEX  Concentration  (mg^)  versus  Time  (years) 
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TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMEMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (2.69 
mg/I  SOURCE  DECAYING  AT  10  %/year  WITH  A  0.0013  day-1  ANAEROBIC 
DECAY,  VARIABLE  TIME,  CONSTANT  LOCATION)  AFTER  BIOVENTING 
TARTUP 

Hvdrogeologic  Data 


Hydraulic  conductivtiy 
Hydraulic  gradient 
Effective  porosity 
Total  porosity 

Longitudinal  dispersivity  (EPRI,  1985) 
Concentration  of  Injected  Contaminant 
Initial  Dissolved  Contaminant  Concentration 


k:=1.0S-^ 

day 

i:=0.01.5 

ft 

ne-0.2 

n:=0.35 

ttjj  :=15-iii 

c,:=2.69-5« 

’  Kter 

Co:=0.016-2!8- 


Retardation  Coefficient  Calculation 
Solute  Decay  Rate 
Source  Decay  Rate 


Soil  sorption  coefBcient  (EPA,  1990) 


Bulk  density  (Freeze  and  Cheny,  1979) 


Organic  carbon  content 
Retardation  coefficient 


X:  =0.0026-!- 
day 

a:=0.000274. 


day 


Koc-79.— 

gm 

Pj,  !=1.65‘-®L 
cm 

foc:=0.000001 

„  ._i  Pb’^oc’^oc 

R  =1  4 — - - 


R=L001 


Groundwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 

«e 

v,=  0.052 ‘-SL 
*  day 

Contaminant  velocity 

V  =1* 

Ve-0.052*-*»- 

day 

Longitudinal  dispersion  coefficient 

D,  =  8.477 

*  day 
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35  Meters  from  the  Source  Area  (Base  Boundary) 


Initial  Plume  Distribution  Calculation 


year  !“365*day  i  ‘=1 ..  365 


At  != 100-day 
t.  :=At-i 


X  ‘=35-m 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj:=Coexp(-A.tj)- 


+  C,oq.(-atj) 


1  /, 


1_±.  l_erf 


/  2,  ' 

vx  -t; 


\*-Dx-R/ 


■exp 


(R-x-Vx-tj) 

4.DxR-t. 


Vx 

Vx+^x-  I 

•  ♦"■“fa-.) 

4 

-cjqp 


2-d, 


1  -  eifl 


Rx-tj- 


,  4-DxR  , 

1-1- - ^-(X-a) 

2 


2. 


Vx 

1 

4-d_.r 

Vx-Vx* 

1+- 

Vx 

J 

2 

Vx 

-exp 

f’'**  (31 

2DxR(^-a)_ 

•exp 


.1-, 


2-D, 


/R-x-(-Vx’til 


2-. 


1  —  erfl 


Rx+V^'x' 

f  4-Dx  R  , 

\+ - (X-a) 

2 

Vx 

2- 

-^Dx-R-tj 
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TRANSIENT  SOLUTION  TO  THE  ADVECUVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (2.69  mg/l 
SOURCE  DECAYING  AT  10  %^ear  WITH  A  0.0013  day-1  ANAEROBIC  DECAY, 


constant  TIME, 

^^Hvdrogeologic  Data 


VARIABLE  LOCATION) 


Hydraulic  conductivtiy 

Hydraulic  gradient 

EflFective  porosity 

Total  porosity 

Longitudinal  dispersivity 

Concentration  of  Injected  Contaminant 

Initial  Dissolved  Contaminant  Concentration 


k:=1.05.— 

day 

i:=0.01* 

ft 

ne:=0.2 

n:=0.35 

:=15-m 

C8:=2.69.^ 

Co:=0,016.^ 


Retardation  Coefficient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coefficient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coefficient 


x:=0.0013J- 

day 

a ;  =0.000274.  j- 

day 

Ko^:=79.5!t 

gm 

p,:=1.65.^ 

cm 

foe  :=0.000001 

j^.^l^Pb-Kpc-foc  R=  1.001 

“e 


Groundwater  Hydraulics  Calculations 
Groundwater  velocity  (pore-water) 

Contaminant  velocity 

Longitudinal  dispersion  coefficient 


vx 


nc 


vx  =  0.052*-5L 
*  day 

Vc  =  0.052*J5- 
®  day 

D,  =  8.477*^ 

*  d»y 
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2  Years  Ago  (1993-1995) 

itial  Plume  Distribution  Calculation 

j:=0..300 


t  :=690-day 


Ax  :=l-m 
xj  :=Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Cj  :=Co  Oq)(-^  t)- 


1  /,  ,/R*i-'^x‘\\  /  V,  -t 


+  C  gcxp(-at)- 


Uerf^ 


2  \  \2.^D^.R.t//  \»  Dx-: 


•exp 


4-DxRt 


2\  i>x  Or"/  \i>xil 


_ i 

Vx-l-Vx- 

1  4-DxR  , 

1+ - |-(X-a) 

'N 

■exp 


^+4'P*'R-(X-a) 

2 


2-d, 


1  -  cm 


-  4  d„.r  ^ 

1-)- - ^-(X-a) 

2 


2-VDxRi 


,  4-d  -  R  , 
Vx-Vx-  1+ - 


2-DxR-(X-a) 


•«q> 


•exp 


Vx 

•*j 

-  1  -  Clf 

,  4-d„-r  . 

1  + - .(X-  a) 

2.D^  J 

2.^0  ^R.t  JJ 

Dissolved  BTEX  Concentradon  (mg/L)  versus  Distance  (meters) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


5 


Dissolved  BTEX  Concentration  (mg^)  versus  Distance  (meters) 


/mg.\ 

\liter/ 


100 


150 


200 


250 


300 
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2  Years  From  Present  (1993-1997) 

itial  Plume  Distribution  Calcxilation 

j:=0..300  t:=1420day 


Ax  :=l'm 
xj  :=Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Cj  :=Co  exp(-X  t). 


+  C  jexp(-at). 


2  \  \*-Dx-R/ 


•exp 


4DxRt 


/Vx-X: 


X 

> 

Vx+^'x-  1 

4 

Vx  J 

exp 


1^- - .(X-a) 

2 


2d, 


■ 

* 

RX;-t* 

J 

1  -  erf 

J 

R.x.-HVx't\ 


-  4.DxR  . 

1  ^ - 5 — (X-a) 

2 


2^0  xR‘ 


U±E»2.<x-« 

2 


•exp 


,  4-0  J.R 

Vx+^'x-  1+ - ^-(X-o) 

A  Vv 


2.DxR‘(^-a) 


-exp 


L_(X-a)t 


2D, 


R.x.+t  Vx-  j 

erf 

il 

^X 

2- 

x*^*^ 

Z-^Dx-Rt, 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 
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5  Years  From  Present  (1993-2000) 

itial  Plume  Distribution  Calculation 

j:=0..300  t:=2515-day 

Ax  '=l-m 


Xj  :-Ax-j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Cj  :=C  o-e!cp(-X  t)' 


+  C,«q)(-<M)' 


2  \  \2..^t}}  \*DxR 


•exp 


4.D^.R.t 


■ 

Vx+^x- 

1  4-DxR„  , 
1+ - ^(X-a) 

I  2 

•exp 


,.1. 1 

2\  Dx  d^.r/  \dJ 

_ -I  -1  r  r  r  ^ i - Vi 


,  4.Dx  R  , 

1+ - ^.(X-a) 

2 

Vx 

1  —  erf 

- 1 

1 

2.Dx  J 

,  4-0  x-R  , 

1  -)- - 1— (I-  a) 

2 


2-^0  xR‘ 


,  4  d  x-r  , 

vx-'^x-  |1+ - -(.X-a) 


2DxR(>— a) 


•exp 


Vx+'^x- 


1  4-0  .R 

1h - i — (X-a) 

2 


>cxp 


l_(X_a).t 


2.D, 


|l+l;£*!5:.(X-a) 

1  2 

R  *j+‘  vx-  j 

erf 

J 

^x 

2. 

v^D  x*R*t 

2v,/dJS 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 
0.1 1 


fe) 


0.05 


- ^ 

120  140 


160 


180  200 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 
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Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 
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20  Years  From  Present  (1993-2015) 

rtial  Plume  Distribution  Calculation 

j;=0..300  t;=7990day 

Ax  ;=l-in 
xj  ;=Axj 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


m 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


m 


Dissolved  BTEX  Concentration  (mg^)  versus  Distance  (meters) 


m 
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30  Years  From  Present  (1993-2025) 

Jnitial  Plume  Distribution  Calculation 


j  :=0..  300  t  :=1 1640  day 

Ax  '^l-m 


Xj  :=Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


4.0  x-R, 


+  Cs.exp(-art). 


,  4-0  x-R,.  , 

vx+vx-  1+ - ^-(X-a) 

A  V» 


,  4D-R  , 


«  •  A-'  V'*v. 

Vx-^x-  1+ - _.(X-o)  Xj 


,  4Dx-R„  , 

Vx+Vx-  1+ - |_.(X_a)  Xj 


2.JDxR.t/ 


’  4-0  x-R  , 

R-Xj  — t- Vx'  1h - 


Z-a/Dx-RI 


,  4-0  x-R  , 

R-Xj+t-Vx’  In - (X-a) 

.  l_erf - - 

iJo^t 


2DxR{>— a)  L 


Vx-X;  L  /R-J^i+Vx-t 

exp - J-(X-a)t  [1— eif| — ^ 

D.  1  \Zj^i 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 
0.1  I - 1 - ! - —I - \ - 1 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


0  20  40  60  80  100 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


Vlitcr/  0.0 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 
0.01 1 - 1 - 1 - 1 - 1 - 1 


100  120 


180  200 


150  160 


190  200 
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50  Years  From  Present  (1993-2045) 

itial  Plume  Distribution  Calculation 

j:=0..300  t:=18940day 

Ax  ;=l-m 


^nil 


xj  :-Axj 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj  ;=Co  ejq>(-Vt)' 


+  C,eiq)(-at). 


2  \  \2.,^tll  \*DxR/ 


Vv  t 


•exp 


4DxRt 


2 


Dx  Dx-R/  \  D 


■ 

Vx 

Vx+^'x-  I 

4d  R 

1+ - 1— (X-a) 

1  2 

-exp 


4‘D  vR 


Vx-Vx*  ll-h" 


2d, 


1  -  cm 


RXj-t 


2’'\/n  X' 


Rt 


,  4-0  x-R  , 

1+ - ^-(X-a) 

2 


2-4x-R-‘ 


,  4DxR  , 

^x-vx-  |1+ - — -(X-a) 


2DxR(*.-a) 


■exp 


Vx+''x- 


■exp 


'x*i 


-(X-o)t 


2D, 


(1 

•Rt 


1  -erfl 


R-*j+‘-Vx-J 

,  4DxR  , 

1+ - i-.(X-o) 

2 

Vx 

2. 

v^D  x-R*t 

2.^, 


Dissolved  BTEX  Concentration  (mg^)  versos  Distance  (meters) 


Dissolved  BTEX  Concentratioii  (mg/L)  versus  DbUnce  (meters) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


!i 
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APPENDIX  C-4 
SENSITIVITY  ANALYSIS 


022/722450/WESTOVER/17.WW6 


TRANSIENT  SOLUTION  TO  THE  ADVECUVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/I 


SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
ONSTANT  TIME,  VARIABLE  LOCATION) 


[vcirogeologic  Data 


Hydraulic  conductivtiy 
Hydraulic  gradient 
Effective  porosity 
Total  porosity 


k:=5.0.-“ 

day 

i:=0.01-5 

ft 

iici=0.2 

ii:=0.35 


Longitudinal  dispersivity 
Concentration  of  Injected  Contaminant 
Initial  Dissolved  Contaminant  Concentration 


ttjj  '=15*m 

C,:=1.66®8 

*  Ktcr 

Co:=0.016.“8 

°  liter 


Retardation  Coefficient  Calcidation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coefl5cient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coefiBcient 


X:  =0.0034 

day 

a:  =0.0000274- J- 

day 

Koc-79-— 

gm 

Pb-l-65-^ 

cm 

foe-0.000001 

j^,_l^Pb5otf£oC  R=  1.001 


Groundwater  Hydraulics  Calculations 
Groundwater  velocity  (pore-water) 

Contaminant  velocity 

Longitudinal  dispersion  coefficient 


.-KI 


Dx  =axVx 


Vx-0.25*”L 

*  day 

Vc  =  0.25*“- 
®  day 

Dx  =  40.365*^ 

*  day 
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10  Years  From  Present  (1995-2005) 

Itial  Plume  Distribution  Calculation 

j :  =0 ..  400  t  * =3650*day 

Ax  ■=l*m 


xj  :=AxJ 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


c.  :=c  Q^cxpi-Xi) 


l_i. 


+  C  g-cxp(-a*t)- 


R.x.-.vx-t\\  /  v/.t 


2  \ 


•exp 


4.D^-R-t 


.l(l-H;^H-^l.expp:^il.|l-crf| 

\  '^x 


" 

vx 

Vx+^'x-  j 

,  4-DxR  ,  , 

1+ - X— (X-a) 

2 

4 

•exp 


h-'j 

4-d.r  , 

1+  *  (X  a) 

2 
vx 

•  1  —  erf 

RXj-t- 

[  2-D*  j 

\2-^DxR-i 


Ui?^-(x-a, 


2-VDxRt 


,  4-D3J-R 

vx-vx-  |1+ - 


2-DxR(X-a) 


■exp 


vx+^x- 

RXj+t-v^- 

Vx 

1  -erf 

A 

2-Dx 

- 

2- 

■eiq> 


l_(X-o)^t 


Dissolved  BTEX  Concentration  (mgTL)  versus  Distance  (meters) 


2l 


(JSS.) 

VHter/ 


100 


200 


300 


Dissolved  BTEX  Concentration  (mg^)  versus  Distance  (meters) 
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TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/I 
SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
NSTANT  TIME,  VARIABLE  LOCATION) 


[ydrogeologic  Data 
Hydraulic  conductivtiy 
Hydraulic  gradient 
Effective  porosity 
Total  porosity 
Longitudinal  dispersivity 
Concentration  of  Injected  Contaminant 
Initial  Dissolved  Contaminant  Concentration 


k:=0.2.-^ 

cUy 

i:=0.01.£ 

ft 

n^:=0.2 


n:=0.35 


a^:=15.i. 


c,  :=1.66-2i. 

*  liter 

Co:=0.016-“£ 

liter 


Retardation  CoefBcient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coefficient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 


Retardation  coefficient 


x:=0.0034.< 


day 


a:  =0.0000274.. 


day 


♦  -'70 

gm 


Kqc  •“79.. 


p,:=1.65.m 

cm 


foe  :=0.000001 


R:=l+£biio££oc 


R=  1.001 


Groundwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 


-Kl 


vx=0.01.JL 

day 


Contaminant  velocity 


R 


Vc  =  0.01*-^L 
®  day 


Longitudinal  dispersion  coefficient 


D*-1.615.iL 

day 


l:\45028\analycI\lDDX2.MCD 


10  Years  From  Present  (1995-2005) 

[nitial  Plume  Distribution  Calculation 

j  :=0..400  t  :=3650-day 


Ax  :=l-n 


Xj  :-Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Cj  '■=€  o-expc-X  ty 


+  Cje!q)(-0-t)' 


2  \  \*i>xR 


l-oq) 


4d  x-Rt 


4.1^.;^H.^.expto).|l-crfR 


/R-Xj+Vx-t' 


■ 

< 

- - 1 

Vx+Vx-  1 

-  4*DxR  ^ 

1+ - |-(X-a) 

aI 

■exp 


,  4  Dx-R  , 

1+ - *_-(X-a) 

2 


2-D, 


1  -  em 


R-Xj-t- 


\2-^/^ 


1-t- 


4DxR  , 

- ^.(X-a) 


2^0  xR‘ 


,  4  d  x-r  , 

1+ - (X-a) 


2-DxR(X-a) 


-exp 


■exp\ 


'x*i 


-(X-o).t 


•Rt, 


Vx+Vx* 

1-t- - 5_.(X_o) 

2 

vx 

•*j 

1-crf 

R*j+»vx- 

4d_.r  . 

1+ - 5-.(X-a) 

2 

Vx 

2.Dx  J 

2-^Dx-Rt 

Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


Dissolved  BTEX  Concentration  (mg4L)  versus  Distance  (meters) 


/j2S.\ 

\litcr/ 


10  20  30  40  50 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 
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TRANSIENT  SOLUTION  TO  THE  ADVECTTVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/I 
SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 


CONSTANT  TIME,  VARIABLE  LOCATION) 

^^Hvdroeeolocic  Data 

Hydraulic  conductivtiy 

k:=1.0.^ 

day 

Hydraulic  gradient 

i:=0.01* 

ft 

Effective  porosity 

ng-=0.2 

Total  porosity 

n  :=0.35 

Longitudinal  dispersivity 

Concentration  of  Injected  Contaminant 

C,:=1.66”!i. 

*  Kter 

Initial  Dissolved  Contaminant  Concentration 

Co-0.016.-5i. 

“  Uter 

Retardation  Coefficient  Calculation 

Solute  Decay  Rate 

x:=0.0034.i 

day 

Source  Decay  Rate 

a:=0.0000548.J- 

day 

^1^  Soil  sorption  coefficient  (EPA,  1990) 

Koc:=79.”t 

gm 

Bulk  density  (Freeze  and  Cherry,  1979) 

p,:=1.65.^ 

cm 

Organic  carbon  content 

foc-O.OOOOOl 

Retardation  coefficient 

_  Pb'^OC'^OC 

R  =1h — - - 

“e 

Groundwater  Hvdraulics  Calculations 

Groundwater  velocity  (pore-water) 

v.:=^  v,-0.05‘.5- 

*  Be 

Contaminant  velocity 

Vo  =  0.05-^ 

R  day 

Longitudinal  dispersion  coefficient 

D X  ‘=a v'V  X  D  X  “  8.073 •— 

*  X  *  *  day 

I;\45028\anaIycl\lDDX2.MCD 


10  Years  From  Present  (1995-2005) 

Initial  Plume  Distribution  Calculation 


t  t=3650  day 


Xj  :-Ax.j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


l:V45028Wialycl\lDDX2.MCD 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/1 
SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 


^NSTANT  TIME,  VARIABLE  LOCATION) 

Hvdrogeologic  Data 


Hydraulic  conductivtiy 

Hydraulic  gradient 

Effective  porosity 

Total  porosity 

Longitudinal  dispersivity 

Concentration  of  Injected  Contaminant 

Initial  Dissolved  Contaminant  Concentration 


k:=1.0.^ 

day 

i:=0.01* 

ft 

He -=0.2 

n:=0.35 


*  =  15’m 

c  •=1.66.-®!- 

*  Utcr 

Co-0.016.®!- 
®  Utcr 


Retardation  CoefScient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coeflScient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coefficient 


Groimdwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 


Contamiilant  velocity 


Longitudinal  dispersion  coefficient 


X:=0.0034.-i- 

day 

a:  =0.00001 37 JL 

day 

k^:=79.«^ 

gm 


Pb-=l-65-^ 

cm 

f^:=0.000001 


R:=l-t- 


P  b'^  oc'^oc 


R=  1.001 


._KI 


M  v-  =  0.05‘-!2- 

*  d»y 


v.  =  0.05.^ 
®  day 


Dx  =  8.073*®- 

*  day 


l:\45028VuulycI\lDDX2.MCD 


10  Years  From  Present  (1995-2005) 


[nitial  Plume  Distribution  Calculation 
j;=0..400 

Ax  !  =  l‘m 


t  !=3650  day 


Xj  :=Ax.j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Dissolved  BTEX  Concentration  (mg^)  versus  Distance  (meters) 


m 


0  20  40  60  80  100 


l:\45028\analycl\lDDX2.MCD 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/1 
SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 


CONSTANT  TIME, 

^^Hvdrogeologic  Data 


VARIABLE  LOCATION) 


Hydraulic  conductivtiy 
Hydraulic  gradient 


k:=1.0.-^L 

day 

I  :=0.01-5 
ft 


Effective  porosity 


n  c‘=0.2 


Total  porosity 


n:=0.35 


Longitudinal  dispersivity  a  1 5  m 

Concentration  of  Injected  Contaminant  c  g : = 1 

Initial  Dissolved  Contaminant  Concentration  C  o  •  -0.0 1 6-^ 


Retardation  CoeflRcient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coeflBcient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coefiBcient 


x:=0.0034.-L 

day 

a:=0.0000274-i 

day 

Koc-79.— 

gm 

Pb-l.65.-eL 

cm 

foc:=0.00001 

Rl^l^Pb-KpC-foC  R=  1.007 

“e 


Groundwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 


Contaminant  velocity 


Longitudinal  dispersion  coefficient 


-KI 


Vx  =  0.05*-HL 
*  day 


v.=0.05*J^ 

®  day 


D.  =  8.073*^ 

*  day 


l:\45028\analycl\lDDX2.MCD 


^0^ 


10  Years  From  Present  (1995-2005) 

itial  Plume  Distribution  Calculation 

j  '=0..  400  t  ’=3650  day 

Ax  '=l-m 


Xj  :-Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1 982) 


Cj  :=C  o-exp(-X  t)« 


+  Cse3q)(-at)- 


2  \ 


I -exp 


4DxRt 


^■1. 


■ 

Vx 

Vx+Vx-  j 

4d  R 

1+ - ^-(X-a) 

1  2 

aI 

■exp 


2 


2d, 


1  -  erfl 


RXj-t 


-  4.Dx’R  , 

1  ^ - L_^.(X-a) 

2 


2-^d,,.r.i 


Vx-'Vx-  j 

,  4d_r  , 

1+ - i— (X-o) 

2 

a) 

^x 

n 

2DxR(^-a) 


■exp 


^x+^x* 


l.j - 5 — (X-a) 

2 


■exp 


^x**i 


-(X-a)t 


2.D, 


1  -effl 


RXj+tVx- 


,  4  d_.r  . 

1+ - 5— (X-a) 


2-^Dx-R-t 


\2-V^ 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


Dissolved  BTEX  Concentration  imgfL)  versus  Distance  (meters) 


\6ter) 


20  40  60  80  100 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


l:\45028\analycl\lDDX2.MCD 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/1 
SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
CONSTANT  TIME,  VARIABLE  LOCATION) 

^fcvdrogeologic  Data 


Hydraulic  conductivtiy 
Hydraulic  gradient 


k:=1.0.^ 

day 

i:=0.01-5 

ft 


Efifective  porosity 


:=0.1 


Total  porosity 
Longitudinal  dispersivity 
Concentration  of  Injected  Contaminant 
Initial  Dissolved  Contaminant  Concentration 


ii:=0.35 

a^:=15m 


C,:=1.66“i. 

*  liter 

Co-0.016.^ 
®  i:* 


Retardation  Coefficient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coefficient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coefficient 


Groundwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 


Contaminant  velocity 


Longitudinal  dispersion  coefficient 


x:  =0.0034.. 


day 


a:=0.0000274.J- 

day 


K«.:=79. 


mL 

gm 


Pb:=1.65.J!^ 


f^;=0.000001 


r:=1  + 


P  b'^oc'^oc 


R  =  1.001 


._KI 


day 


v„  =  0.1.“L 

®  day 


Dx  ='*x''x 


D.  =  16.146‘5- 

*  day 


l:\4S028\analycIMDDX2JdCD 


10  Years  From  Present  (1995-2005) 

I  Initial  Plume  Distribution  Calculation 
f  j:=0..400  t‘=3650-day 

Ax‘  =  l-m 
Xj:=Ax.j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


l:\45028\analycl\lDDX2.MCD 


TRANSIENT  SOLUTION  TO  THE  ADVECTIVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/1 
SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
CONSTANT  TIME,  VARIABLE  LOCATION) 


lydrogeolo^c  Data 


Hydraulic  conductivtiy 

Hydraulic  gradient 

Effective  porosity 

Total  porosity 

Longitudinal  dispersivity 

Concentration  of  Injected  Contaminant 

Initial  Dissolved  Contaminant  Concentration 


k:=1.0.-^L 

<Uy 

I -0.01 

ft 

ne:=0.3 

ii:=0.35 

“x:=15m 

'  liter 

Co:=0.016.®S. 


Retardation  Coefficient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coefficient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coefficient 


X:  =0.0034- 


day 


a:  =0.0000274. 


1_ 

day 


K^:=79.“t 
gm 


Pb:=1.65.m 


foc-0.000001 

R:=l+fJL^£££f2 


R  =  1 


Groundwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 


Vx  =  0.033‘J!- 
*  day 


Contaminant  velocity 


V,  =  0.033  *-5- 

®  day 


Longitudinal  dispersion  coefficient 


Dx  =«x-vx 


Dx  =  5.382*^ 


day 


l:U5028\aiiaIycMDDX2.MCD 


10  Years  From  Present  (1995-2005) 

Initial  Plume  Distribution  Calculation 


l:US02g\aiulycI\!DDX2.MCD 


TRANSIENT  SOLUTION  TO  THE  ADVECUVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/I 
SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
CONSTANT  TIME,  VARIABLE  LOCATION) 


[ydrogeologic  Data 


Hydraulic  conductivtiy 

Hydraulic  gradient 

Effective  porosity 

Total  porosity 

Longitudinal  dispersivity 

Concentration  of  Injected  Contaminant 

Initial  Dissolved  Contaminant  Concentration 


k:=1.0.-“ 

day 

i:=0.01.5 

ft 

ng:=0.2 

n:=0.35 


:=30*m 

c-:=1.66”i 

*  Uter 

Co-0.016.^ 

®  Uter 


Retardation  CoefiScient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coefficient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coefficient 


Groundwater  Hydraulics  Calculations 


Groundwater  velocity  (pore-water) 


Contaminant  velocity 


Longitudinal  dispersion  coefficient 


x:=0.0034.-L 

day 


a:  =0.0000274- 


day 


k„c:=79- 


mL 

gm 


Pb:=1.65.m 

cm 


foe:=0.000001 


r:=1-i- 


P  b*^  oc’^oc 


R- 1.001 


-KI 


*  day 


ve  =  0.05 


,  m 
day 


Dx=16.146‘1- 

*  day 


l:\45028\analycl\lDDX2.MCD 


10  Years  From  Present  (1995-2005) 

Initial  Plume  Distribution  Calculation 


:=0..400 

Ax  !=l'm 


t  !=3650*day 


Xj:-Ax.j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Dissolved  BTEX  Concentration  (mg/L)  versus  Distance  (meters) 


m 


l:\45028\analycl\lDDX2.MCD 


TRANSIENT  SOLUTION  TO  THE  ADVECUVE-DISPERSIVE  EQUATION  FOR 
ONE-DIMENSIONAL  FLOW,  TYPE  THREE  BOUNDARY  CONDITION  (1.66  mg/I 


SOURCE  DECAYING  AT  1  %/year  WITH  A  0.0034  day-1  ANAEROBIC  DECAY, 
CONSTANT  TIME,  VARIABLE  LOCATION) 


[ydrogeoloeic  Data 


Hydraulic  conductivtiy 

Hydraulic  gradient 

Effective  porosity 

Total  porosity 

Longitudinal  dispersivity 

Concentration  of  Injected  Contaminant 

Initial  Dissolved  Contaminant  Concentration 


k:=1.0.-H- 

day 

i:=0.01* 

ft 

ne:=0.2 

n:=0.35 
Ojj  :=7.5-m 
c  -rLeS-Si 

*  liter 

Co:=0.016.JHi. 


Retardation  Coefficient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 

Soil  sorption  coeflScient  (EPA,  1990) 

Bulk  density  (Freeze  and  Cherry,  1979) 

Organic  carbon  content 

Retardation  coeflScient 


X:  =0.0034 

day 

a:  =0.0000274.  J- 

day 

k^:=79.!!^ 

gm 

Pb:=1.65.m 

cm 

foc:=0.000001 

+  R  =  1.001 

“C 


Groundwater  Hydraulics  Calculations 

Groundwater  velocity  (pore-water)  Vx‘=—  Vx  =  0.05*^ 

n  e  oay 

Contaminant  velocity 
Longitudinal  dispersion  coeflScient 


R 


ve  =  0.05 


day 


Dx:=«xVx  ‘'X-  day 


d,-4.036‘A. 


l:\45028\analycl\lDDX2.MCD 


10  Years  From  Present  (1995-2005) 


Initial  Plume  Distribution  Calculation 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


I:\45028\anaIycI\lDDX2.MCD 


